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DESCRIPTION 



THRUST CONVERTER AND METHOD AND APPARATUS FOR CONTROLLING THRUST 
CONVERTER 

TECHNICAL FIELD 

The present invention relates to a thrust converter for 
driving a pressing working machine, a chucking machine for 
holding a work on a lathe, or the like, and a method and apparatus 
for controlling the thrust converter. 

BACKGROUND ART 

Generally, a driving source using a thrust force due to 
a hydraulic cylinder or a pneumatic cylinder is in most cases 
used as a source for driving a press working machine or as a 
source for driving a chucking machine for holding a work on 
a machine tool or the like. 

In the press working or chucking machine using such a 
hydraulic or pneumatic cylinder, however, the thrust force is 
determined on the basis of the pressure allowed to be generated 
by hydraulic or pneumatic equipment and the diameter of the 
cylinder. If a large amount of thrust force is required, the 
equipment must be changed to equipment having a large capacity. 
There were various problems such as increase in cost, and so 
on. 



- 1 - 



On the other hand, there is a reduction gear using gears 
as a torque amplifying (or torque reducing) mechanism. 
Generally, the reduction gear receives an input as a rotation 
input, amplifies (or reduces) the rotation input and outputs 
it as a rotation output. To amplify (or reduce) an axial input 
(thrust) and output it as an axial output (thrust) , mechanical 
parts such as various gears or the like need to be combined. 
Accordingly, this brings about increase in size. Moreover, 
jo reaction force is applied on bearings for rotatably bearing 

yj the gears. Accordingly, there is a problem such as reduction 

Q 

Jp in the life of the reduction gear or the like. Therefore, there 

Q has been required an inexpensive, small-size, 

fi I 

U simple-configuration and long-life thrust converter in which 

ru 

□ the axial input (thrust) can be amplified (or reduced) so as 

ry 

to be output as an axial output (thrust) . 

When, for example, a reduction gear using a gearing 
mechanism for amplifying the rotational torque of a motor is 
used as shown in a chucking machine disclosed in JP-A-62-34708, 
an electromagnetic clutch is required for disconnecting a draw 
bar driving system and a main shaft rotating system from each 
other at the time when a work is being worked. Hence, there 
arises a problem that the number of parts increases to bring 
about increase in cost. 

In the electrically-operated chucking machine, an axial 
thrust force is given to the drawbar to thereby grip the work. 
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At the time when the work is being worked, however, the bearing 
rotatably supporting the draw bar receives all reaction force 
of the axial thrust. Hence, there are various problems, for 
example, the life of the bearing is reduced a lot because of 
increase in the rotational velocity of the main shaft or because 
of holding force strengthened by increase in the axial thrust 
of the draw bar. 

U s Therefore, to solve the above-mentioned various 

p 

j; conventional problems, the inventors of the present invention 

33 

yj have proposed (invented) a totally novel thrust converter as 

C3 

shown in Fig. 24. 

E 

p Fig. 24 is a partly cross-sectional view of a chucking 

fU 

U machine to which the thrust converter proposed by the inventors 

ru 

p is applied. 

PJ 

In Fig. 24, the reference numeral 600 designates a motor 
rotation-to-reciprocation converting means as a motor 
rotation-to-reciprocation converting means. The motor 
rotation-to-reciprocation converting means 600 includes: a 
servomotor 601; a motor shaft 601a; a third screw shaft 602 
fixed at a load-side end of the motor shaft 601a; a third nut 
603 thread-engaged with the third screw shaft 602; a motor 
load-side end bracket 604b; and a third linear guide 605 for 
whirl-stopping the third nut 603 movable only axially relative 
to the motor load-side end bracket 604b. A motor rotational 
position detecting portion 606 which is means for detecting 
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the rotational position of the motor is disposed at an end reverse 
to the load-side end of the motor shaft 601a. 

The reference numeral 200 designates a 
reciprocation-to-rotation converting means as a 
reciprocation-to-rotation converting means. The 
reciprocation-to-rotation converting means 200 includes: a 
first screw shaft 203 thread-engaged with the first nut 201 

Q in the condition that a non- thread-engagement portion of the 

C3 

£ first nut 201 extended to the motor-side end is rotatably and 

h 

yj axially immovably supported through a second bearing 202 

Q 

J3 relative to a non- thread-engagement portion of the third nut 

s 

P 603 extended to the end reverse to the motor-side end; a main 

ru 

^ rotary shaft 204 ; and a first linear guide 205 for whirl-stopping 

n i 

J '=5 

O the first nut 201 movable only axially relative to the main 

rotary shaft 204. 

The reference numeral 300 designates a 
rotation-to-reciprocation converting means as a 
rotation-to-reciprocation converting means. The 
rotation-to-reciprocation converting means 300 includes: a 
second nut 301 fixed in the inside of the first screw shaft 
203; a second screw shaft 302 thread-engaged with the second 
nut 301; a main rotary shaft 204; and a second linear guide 
303 for whirl-stopping the second screw shaft 302 movable only 
axially relative to the main rotary shaft 204. A pull rod 500 
is fixed at a front end of the second screw shaft 302. 
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The reference numeral 400 designates a reaction force 
receiving portion as a reaction force receiving means. The 
reaction force receiving portion 400 includes: a main rotary 
shaft 204; a first screw shaft 203; and a first bearing 401 
for bearing the first screw shaft 203 rotatable and axially 
immovable relative to the main rotary shaft 204, 

A rear end of the main shaft 502 is fixed at the load-side 
end of the main rotary shaft 204 through an adapter 501a. A 
chuck 503 is fixed at a front end of the main shaft 502 through 
an adapter 501b. A draw bar 504 is axially movably inserted 
in an axial center hollow portion of the main shaft 502. A 
front end of the draw bar 504 is fitted to a chuck claw 506 
through an operation converting mechanism 505. The operation 
converting mechanism 505 converts an axial operation of the 
drawbar 504 into a radial operation of the chuck claw 506 through 
a cam lever, a taper, or the like. A rear end of the draw bar 
504 is fixed to a front end of the pull rod 500. 

A motor 601 and a main shaft motor portion 507 are fixed 
to each other through a mount frame 508. Hence, the 
rotation-to-reciprocation converting means 600, the 
reciprocation-to-rotation converting means 200, the 
rotation-to-reciprocation converting means 300, the reaction 
force receiving portion 400 and the second bearing 202 are 
supported by the main shaft motor portion 507. 

The operation will be described below with reference to 



Fig. 23. 

In the chuck drive machine configured as described above, 
when the motor shaft 601a rotates with predetermined rotational 
torque, the third screw shaft 602 fixed at the load-side end 
of the motor shaft 601a also rotates. The third nut 603 
thread-engaged with the third screw shaft 602 moves axially 
because the third linear guide 605 whirl-stops the third nut 

tt 

O 603 only axially movably. Hence, the rotational motion torcrue 

Q 

-P of the motor shaft 601a and the third screw shaft 602 is converted 

UJ into thrust force for axial movement of the third nut 603. 

y3 When the third nut 603 moves axially, the first nut 201 

rotatably and axially immovably supported through the second 
bearing 202 is also moved axially by the thrust force for the 
axial movement of the third nut 603. 

When the first nut 201 is pressed axially, the first screw 
shaft 203 thread-engaged with the first nut 201 rotates because 
the first linear guide 205 whirl-stops the first nut 201 only 
axiallymovably . Hence, the thrust force for the axial movement 
of the first nut 201 is converted into rotational torque for 
rotational motion of the first screw shaft 203. 

When the first screw shaft 203 rotates, the second nut 
301 fixed in the inside of the first screw shaft 203 also rotates . 
Hence, the second screw shaft 302 thread-engaged with the second 
nut 301 moves axially because the second linear guide 303 
whirl-stops the second screw shaft 302 only axially movably. 



C3 
PJ 

ru 

C3 
PJ 
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Hence, the rotational motion torque of the second nut 301 is 
converted into thrust force for axial movement of the second 
screw shaft 302. 

When the second screw shaft 302 moves axially, the pull 
rod 500 fixed to the second screw shaft 302 moves axially. Hence, 
the draw bar 504 fixed to the pull rod 500 moves axially with 
the same thrust force, so that the axial movement of the draw 
bar 504 is converted into the radial movement of the chuck claw 
506. Hence, the chuck 503 holds the work 508. 

When the main shaft 502 is rotated by the main shaft motor 
portion 507 after the work 508 is held by the chuck claw 506, 
the work 508 is cut while the draw bar 504, the chuck 503, the 
operation converting mechanism 505, the work 508, the adapters 
501a and 501b, the pull rod 500, the rotation-to-reciprocation 
converting means 300 and the reciprocation-to-rotation 
converting means 200 are dragging. 

Even in the case where the main shaft 502 rotates, the 
motor rotation-to-reciprocation converting means 600 never 
rotates because the first nut 201 of the 
rotation-to-reciprocation converting means 200 is rotatably 
supported by the bearing 202 of the third nut 603 of the motor 
rotation-to-reciprocation converting means 600. 
Incidentally, here is the relation: 



Fl = (27c-TM-T|) /LI 



(Expression 1) 



in which TM is the rotational torque for rotational motion of 
the motor rotary shaft 601a and the third screw shaft 602, Fl 
is the thrust force for pressing the third nut 603 axially, 
LI is the screw lead of the third nut 603, and n is the 
rotation-to-reciprocation converting efficiency. 

When the first nut 201 is pressed by the axial thrust 
p force of the third nut 603, the first screw shaft 203 

B 

J= thread-engaged with the first nut 201 rotates. Hence, the 

■h 

hi thrust force for axial movement of the first nut 2 01 is converted 

M3 into rotational torque for rotational motion of the first screw 

s 

C3 shaft 203. 

m 

u 

m 
p 
w 



Here is the relation: 



T2 = (L2 • Fl -r|2) /2% •••• (Expression 2) 

in which Fl is the thrust force for pressing the first nut 201 
as obtained in the above description, T2 is the rotational torque 
of the first screw shaft 203, L2 is the lead of the first nut 
201, and r\2 is the reciprocation-to-rotation converting 
efficiency . 

When the first screw shaft 203 rotates, the second nut 
301 fixed in the inside of the first screw shaft 203 also rotates . 
Hence, the second screw nut 302 thread-engaged with the second 
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nut 301 moves axially. Hence, the rotational motion torque 
of the second nut 301 is converted into thrust force for axial 
movement of the second screw shaft 302. 
Here is the relation: 

F3 = (27C-T2 'T|3) /L3 •••• (Expression 3) 



P in which T2 is the rotational torque for rotational motion of 

C3 

-P the first screw shaft 203 and the second nut 301 as obtained 

yj 

W in the above description, F3 is the thrust force for axial 

P 

tJi movement of the second screw shaft 302, L3 is the screw lead 



of the second screw shaft 302, and r|3 is the 
rotation-to-reciprocation converting efficiency. 



a 
Pi 

H 
fU 

^ From the expressions 2 and 3, the axial movement thrust 

force Fl given from the servomotor 601 to the first nut 201 
and the axial thrust force F3 generated in the second screw 
shaft 302 have the relation: 

F3/F1 = (L2/L3) -r\c •••• (Expression 4) 

in which r\c is the motion conversion efficiency of the screw. 

That is, when screw leads of L2 > L3 are formed, the thrust 
force F3 generated in the second screw shaft 302 is converted 
into amplified thrust force which is (L2/L3) -r|c times as large 
as the thrust force Fl, that is, the thrust force F3 is generated 
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as the amplified thrust force . Even in the case where the thrust 
force of the servomotor 601 is small, a large amount of thrust 
force for axial movement can be obtained in the pull rod 500. 

When the pull rod 500 and the drawbar 504 are moved axially 
toward the side reverse to the load side by the amplified thrust 
force F3, the operation converting mechanism 505 converts the 
axial operation into the radial operation of the chuck claw 

g 506. Hence, the chuck 503 holds the work 508 by the amplified 

C3 

=p holding force. 

Lj Incidentally, as is obvious from the expression 4 , a larger 

p 

£ amount of thrust force F3 can be obtained by smaller rotational 

C3 torque TM if the lead L2 of the first nut 201 is made large. 

N 

h 6 When, for example, the motion conversion efficiency of the screw 

PJ 

P is 100 %, Fl is amplified to 100 times in the case of L2 = 100 

PJ 

mm and L3 = 1 mm. Assuming that the stroke of the draw bar 
504 required for opening/closing the chuck claw 506 is 15 mm, 
then 15 revolutions of the second nut 301 are required for moving 
the second screw shaft 302 by 15 mm. 

Accordingly, 15 revolutions of the first screw shaft 203 
are required for 15 revolutions of the second nut 301 . Because 
the lead L2 of the first nut 201 is 100 mm, the first nut 201 
needs tohave a length sufficient to move by 1500mm. Accordingly, 
there is a problem that the axial length of the thrust converter 
becomes long. 
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DISCLOSURE OF THE INVENTION 

The present invention is devised to solve the 
aforementioned problems and an object thereof is to provide 
a thrust converter in which the axial length of a thrust 
conversion portion can be shortened in accordance with a 
necessary stroke ratio. 

Another object of the present invention is to provide 

L-L 

p a method and apparatus for controlling the thrust converter . 

> Although the present invention is devised for various 

35 

UJ objects, these objects will become clear from the description 

Q 

U3 of the best mode for carrying out the present invention which 

s 

C3 will be described later. 

ru 

Accordingly, according to the present invention, there 

PJ 

C3 is provided a thrust converter constituted by : a reciprocating 

Hi 

means; a reciprocation-to-rotation converting means for 
converting a reciprocating motion of the reciprocating means 
into a rotary motion; a rotation-to-reciprocation converting 
means located on the same axial line as that of the 
reciprocation-to-rotation converting means for converting the 
rotary motion of the reciprocation-to-rotation converting 
means into a reciprocating motion; a reaction force receiving 
means for receiving reaction force against the reciprocating 
motion of the rotation-to-reciprocation converting means; and 
a moving means for moving the reciprocation-to-rotation 
converting means and the rotation-to-reciprocation converting 



- 11 - 



means in an axial direction separately from driving force due 
to the reciprocating motion of the reciprocating means. 

Further, according to the present invention, there is 
provided a thrust converter configured such that, when the 
reciprocation-to-rotation converting means and the 
rotation-to-reciprocation converting means are moved by the 
moving means, a quantity of the movement is absorbed by a part 
of the reciprocating means. 

Further, according to the present invention, there is 
provided a thrust converter configured such that the moving 
means includes: a connection means having a first screw, and 
a second screw thread-engaged with the first screw; and a driving 
means for driving rotation of at least one screw of the connection 
means to thereby move the reciprocation-to-rotation converting 
means and the rotation-to-reciprocation converting means. 

Further, according to the present invention, there is 
provided a thrust converter configured such that the moving 
means includes: a connection means having a first screw, and 
a second screw thread-engaged with the first screw; a driving 
means for driving rotation of both screws of the connection 
means to thereby move the reciprocation-to-rotation converting 
means and the rotation-to-reciprocation converting means ; and 
a rotation transferring means constituted by gears and 
interposed between the driving means and the connection means 
for transferring driving force of the driving means so that 



the first and second screws of the connection means rotate at 
different rotational velocities. 

Further, according to the present invention, there is 
provided a thrust converter configured such that the moving 
means includes: a connection means having a first screw, and 
a second screw thread-engaged with the first screw; a driving 
means for driving rotation of at least one screw of the connection 
p means to thereby move the reciprocation-to-rotation converting 

=p means and the rotation-to-reciprocation converting means; and 

U a transfer/disconnection means interposed between the driving 

^3 means and the connection means for transferring driving force 

s 

C3 of the driving means to the connection means and disconnecting 

PJ 

^ the transfer. 

FU 

P Further, according to the present invention, there is 

ru 

provided a thrust converter configured such that the moving 
means includes : a motor having a feed screw on its rotary shaft; 
a moving shaft thread-engaged with a feed screw portion of the 
rotary shaft so that the moving shaft moves axially with the 
rotation of the rotary shaft and stops in a predetermined 
position to rotate; a first driving gear provided on the moving 
shaft; a second driving gear provided on the moving shaft at 
a predetermined distance from the first driving gear; a 
connection means having a first screw, and a second screw 
thread-engaged with the first screw; a first driven gear provided 
on the first screw of the connection means so as to mesh with 
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the first driving gear; and a second driven gear provided on 
the second screw of the connection means so as to mesh with 
the second driving gear and having teeth different in number 
from those of the first driven gear, wherein : the motor is driven 
to move the moving shaft to a position where the first and second 
driving gears and the first and second driven gears mesh with 
each other simultaneously; the moving shaft is stopped in this 

p position and driven to rotate to thereby drive the first and 

P 

42 second screws of the connection means to rotate by differential 

4i 

W motion through the first and second driving gears and the first 

M3 and second driven gears to move the reciprocation-to-rotation 

5 

O converting means and the rotation-to-reciprocation converting 

PJ 

^ means to predetermined positions; and when the 

Pi 

^ reciprocation-to-rotation converting means and the 

ru 

rotation-to-reciprocation converting means are moved to the 
predetermined positions, themoving shaft ismoved to aposition 
where the first and second driving gears do not mesh with the 
first and second driven gears respectively. 

Further, according to the present invention, there is 
provided a thrust converter configured such that the moving 
means includes : a motor having a feed screw on its rotary shaft ; 
a moving shaft thread-engaged with a feed screw portion of the 
rotary shaft so that the moving shaft moves axially with rotation 
of the rotary shaft and stops in a predetermined position to 
rotate; a driving gear provided on the moving shaft ; a connection 
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£3 
42 
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means having a first screw, and a second screw thread-engaged 
with the first screw; a driven gear provided on the first screw 
of the connection means so as to mesh with the driving gear; 
and a whirl-stop means for whirl-stopping the second screw of 
the connection means at a desired time; wherein the motor is 
driven to move the moving shaft to a position where the driving 
gear and the driven gear mesh with each other; the moving shaft 
is stopped in this position and driven to rotate while the second 
screw is whirl-stopped by the whirl-stop means to thereby drive 
the first screw of the connection means to rotate through the 
driving gear and the driven gear to move the 
reciprocation-to-rotation converting means and the 
rotation-to-reciprocation converting means to predetermined 



b positions; and when the reciprocation-to-rotation converting 

PJ 

means and the rotation-to-reciprocation converting means are 
moved to the predetermined positions, the moving shaft is moved 
to a position where the driving gear does not mesh with the 
driven gear* 

Further, according to the present invention, there is 
provided a thrust converter configured such that the moving 
means includes: a connection means having a first screw, and 
a second screw thread-engaged with the first screw; a motor 
using the first screw of the connection means as a rotor; and 
a whirl-stop means for whirl-stopping the second screw of the 
connection means at a desired time, wherein, in a condition 
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that the second screw of the connection means is whirl-stopped 
by the whirl-stop means, the motor is driven to drive the first 
screw of the connection means to rotate to thereby move the 
reciprocation-to-rotation converting means and the 
rotation-to-reciprocation converting means to predetermined 
positions . 

Further, according to the present invention, there is 
provided a thrust converter configured such that the moving 
means includes: a connection means having a first screw, and 



U a second screw thread-engaged with the first screw; a first 

Q 

42 motor using the first screw of the connection means as a rotor; 

£ 

C3 and a second motor using the second screw of the connection 

hj 

means as a rotor, wherein, in a condition that the second screw 
H of the connection means is whirl-stopped by excitation of the 

second motor, the first motor is driven to drive the first screw 
of the connection means to rotate to thereby move the 
reciprocation-to-rotation converting means and the 
rotation-to-reciprocation converting means to predetermined 
positions. 

Further, according to the present invention, there is 
provided a thrust converter configured such that the moving 
means includes: a connection means having a first screw, and 
a second screw thread-engaged with the first screw; and a motor 
using the first screw of the connection means as a first rotor 
and using the second screw of the connection means as a second 
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rotor, the first rotor being different in number of poles from 
the second rotor, wherein the motor is driven to drive the first 
and second screws of the connection means to rotate to thereby 
move the reciprocation-to-rotation converting means and the 
rotation-to-reciprocation converting means to predetermined 
positions . 

Further, according to the present invention, there is 
provided a thrust converter configured such that the 
reciprocating means includes: a motor; and a motor 
rotation-to-reciprocation converting means for converting a 
rotary motion of the rotary shaft of the motor into a 
reciprocating motion. 

Further, according to the present invention, there is 
provided a thrust converter configured such that the 
reciprocating means includes: a motor disposed on an axis 
different from the axial line of the reciprocation-to-rotation 
convertingmeans; a motor rotation-to-reciprocation converting 
means disposed on the same axis as the axial line of the 
reciprocation-to-rotation converting means for converting a 
rotary motion of the rotary shaft of the motor into a 
reciprocating motion; and a motor rotation transferring means 
for transferring the rotation driving force of the motor to 
the motor rotation-to-reciprocation converting means. 

Further, according to the present invention, there is 
provided a thrust converter configured such that the 



- 17 - 



hi 
Q 

a 



ru 
ru 



reciprocating means includes: a motor disposed on an axis 
different from the axial line of the reciprocation-to-rotation 
convertingmeans; amotor rotation-to-reciprocation converting 
means disposed on an axis the same as an axial line of a rotary 
axis of the motor for converting a rotary motion of the rotary 
shaft of the motor into a reciprocating motion; and a thrust 
transferring means for transferring the axial thrust force of 
the motor rotation-to-reciprocation converting means to the 
reciprocation-to-rotation converting means. 

Further, according to the present invention, there is 
provided a thrust converter configured such that the motor 
rotation-to-reciprocation converting means has a screw 
provided on the rotary shaft of the motor, and a nut 
thread-engaged with the screw; and the thrust transf erringmeans 
has a reciprocating portion for supporting a bearing for 
rotatably bearing the reciprocation-to-rotation converting 
means, and a thrust transfer plate for connecting the 
reciprocating portion and the nut to each other. 

Further, according to the present invention, there is 
provided a thrust converter configured such that the thrust 
transfer plate is connected to the nut through a flexible 
coupling . 

Further, according to the present invention, there is 
provided a thrust converter configured such that one screw of 
the connection means is rotatably supported with respect to 
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the reciprocation-to-rotation converting means. 

Further, according to the present invention, there is 
provided a thrust converter configured such that one screw of 
the connection means is rotatably supported with respect to 
the reciprocation-to-rotation converting means, and the other 
screwof the connectionmeans is rotatably supportedwith respect 
to a part of the reaction force receiving means. 

Further, according to the present invention, there is 
J provided a thrust converter configured such that the whirl-stop 

means is constituted by an electromagnetic brake, and a part 

of the whirl-stopped screw of the connection means is provided 

□ 

jtj as a brake disk. 

fy Further, according to the present invention, there is 

pj provided a thrust converter configured such that the whirl-stop 

means is constituted by an electromagnetic brake, and the second 
screw prohibited from rotating by the electromagnetic brake 
is connected to an external driving means. 

Further, according to the present invention, there is 
provided a control method for controlling such a thrust converter , 
constituted by the steps of: driving the moving means to move 
the reciprocation-to-rotation converting means and the 
rotation-to-reciprocation converting means to predetermined 
positions; and driving the reciprocatingmeans after the arrival 
of the reciprocation-to-rotation converting means and the 
rotation-to-reciprocation converting means at the 
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predetermined positions to thereby operate the reciprocating 
portion of the rotation-to-reciprocation converting means 
through the reciprocation-to-rotation converting means and the 
rotation-to-reciprocation converting means. 

Further, according to the present invention, there is 
provided a control method for controlling such a thrust converter, 
constituted by the steps of : performing an operation in a first 
operation mode in which, in a condition that the moving means 
is stopped, the reciprocating means is driven to operate the 
reciprocating portion of the rotation-to-reciprocation 
converting means through a reciprocation-rotation means and 
the rotation-to-reciprocation converting means ; performing an 
operation in a second operation mode in which the moving means 
is driven to move the reciprocation-to-rotation converting 
means and the rotation-to-reciprocation converting means ; and 
limiting driving force for at least one of the reciprocating 
means and the moving means when thrust force is generated. 

Further, according to the present invention, there is 
provided a controller for controlling such a thrust converter, 
constituted by means for driving the moving means to move the 
reciprocation-to-rotation converting means and the 
rotation-to-reciprocation converting means to predetermined 
positions and for driving the reciprocating means after the 
arrival of the reciprocation-to-rotation converting means and 
the rotation-to-reciprocation converting means at the 
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predetermined positions to thereby operate the reciprocating 
portion of the rotation-to-reciprocation converting means 
through the reciprocation-to-rotation converting means and the 
rotation-to-reciprocation converting means. 

Further, according to the present invention, there is 
provided a controller for controlling such a thrust converter, 
constituted by means for performing an operation in a first 
operation mode in which, in a condition that the moving means 
is stopped, the reciprocating means is driven to operate the 
reciprocating portion of the rotation-to-reciprocation 
converting means through a reciprocation-rotation means and 



Q 

fjj the rotation-to-reciprocation converting means, for performing 

pj an operation in a second operation mode in which the moving 



means is driven to move the reciprocation-to-rotation 
converting means and the rotation-to-reciprocation converting 
means, and for limiting driving force for at least one of the 
reciprocating means and the moving means when thrust force is 
generated. 

Further, according to the present invention, there is 
provided a method for controlling such a thrust converter, 
constitutedby the steps of : making sensors detect the positions 
of teeth of the driving gear and the driven gear when the driving 
gear is made to mesh with the driven gear; and rotating the 
gears at angles enabling the mesh on the basis of signals detected 
by the sensors. 
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Further, according to the present invention, there is 
provided a controller for controlling such a thrust converter, 
constituted by: sensors for detecting the positions of teeth 
of the driving gear and the driven gear; and means for rotating 
the gears at angles enabling the gears in mesh on the basis 
of signals detected by the sensors when the driving gear is 
made to mesh with the driven gear. 
P Further, according to the present invention, there is 

g 

provided a controlling method for controlling such a thrust 

43 

l i ! converter, constituted by the steps of: storing gear angles 

O 

yj at a time of shifting from a gear mesh state to a gear separation 

5 

=rf state; stopping rotation of the first and second driving gears 

[T. in the gear separation state; and rotating the first and second 

pi driven gears at the stored gear angles when the first and second 

driving gears are made to mesh with the first and second driven 
gears from the gear separation state. 

Further, according to the present invention, there is 
provided a controller for controlling such a thrust converter, 
constituted by: a storage means for storing gear angles at the 
time of shifting from a gear mesh state to a gear separation 
state; means for stopping the rotation of the first and second 
driving gears in the gear separation state; andmeans for reading 
the gear angles stored in the storage means and rotating the 
first and second driven gears at the gear angles when the first 
and second driving gears are made to mesh with the first and 
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second driven gears from the gear separation state. 

Further, according to the present invention, there is 
provided a method for controlling such a thrust converter, 
constituted by the steps of: performing an operation to drive 
the moving means and the reciprocating portion of the 
rotation-to-reciprocation converting means in reverse 
directions to each other; and restoring the thrust converter 
to an origin on the basis of a position where the thrust converter 
*|" arrives at an operating range limit due to a mechanism limitation 

of either a mechanical stopper or the thrust converter. 

Further, according to the present invention, there is 
provided a controller for controlling such a thrust converter, 
constituted by means for performing an operation to drive the 
moving means and the reciprocating portion of the 
rotation-to-reciprocation converting means in reverse 
directions to each other and for restoring the thrust converter 
to an origin on the basis of a position where the thrust converter 
arrives at an operating range limit due to a mechanism limitation 
of either a mechanical stopper or the thrust converter. 

Further, according to the present invention, there is 
provided a controller for controlling such a thrust converter, 
constituted by: a high-order controller; a first controller 
for controlling the moving means; and a second controller for 
controlling the reciprocating means, wherein, in a second 
operation mode in which the moving means is driven to move the 
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reciprocation-to-rotation converting means and the 
rotation-to-reciprocation converting means, the first 
controller controls the moving means on the basis of an 
instruction given from the high-order controller and outputs 
an instruction based on a quantity of movement of the moving 
means to the second controller, and the second controller 
controls the reciprocating means on the basis of the instruction 
based on a quantity of movement of the moving means from the 
first controller, and in a first operation mode in which the 
reciprocating means is driven to operate the reciprocating 
portion of the rotation-to-reciprocation converting means 
through a reciprocation-rotation means and the 
rotation-to-reciprocation converting means in a condition that 
the moving means is stopped, the second controller controls 
the reciprocatingmeans on the basis of an instruction outputted 
from the high-order controller and inputted through the first 
controller . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a view in vertical section of a chucking machine 
to which a thrust converter according to First embodiment for 
carrying out the present invention is applied; 

Fig. 2 is a view for explaining the operation according 
to First embodiment; 

Fig. 3 is a view in vertical section of a chucking machine 



to which a thrust converter according to Second embodiment for 
carrying out the present invention is applied; 

Fig. 4 is a view for explaining the operation according 
to Second embodiment; 

Fig. 5 is a view in vertical section of a chucking machine 
to which a thrust converter according to Third embodiment for 
carrying out the present invention is applied; 

pis 

jj2 Fig. 6 is a view in vertical section of a chucking machine 

1. to which a thrust converter according to Fourth embodiment for 

Ms? 
Li 

p carrying out the present invention is applied; 

Fig. 7 is a view in vertical section of a main part of 

C3 

a chucking machine to which a thrust converter according to 

fij Fifth embodiment for carrying out the present invention is 

Q 

pj applied; 

Fig. 8 is a view in vertical section of a main part of 
a chucking machine to which a thrust converter according to 
Sixth embodiment for carrying out the present invention is 
applied; 

Fig. 9 is a view in vertical section of a main part of 
a chucking machine to which a thrust converter according to 
Seventh embodiment for carrying out the present invention is 
applied; 

Fig . 10 is a view showing the configuration of an apparatus 
according to Ninth embodiment for carrying out the present 
invention for controlling the chucking machine to which the 
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thrust converter according to First embodiment for carrying 
out the present invention is applied; 

Fig. 11 is a flow chart showing the operation (of closing 
the chuck claw) of the apparatus according to Ninth embodiment 
for carrying out the present invention for controlling the 
chucking machine to which the thrust converter according to 
First embodiment for carrying out the present invention is 
applied; 
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gears in mesh) of the apparatus according to Ninth embodiment 
for carrying out the present invention for controlling the 
chucking machine to which the thrust converter according to 
First embodiment for carrying out the present invention is 
applied; 

Fig. 13 is a view showing the mount state of a magnetic 
sensor, according to Ninth embodiment of the present invention, 
used in the chucking machine to which the thrust converter 
according to First embodiment for carrying out the present 
invention is applied; 

Fig . 14 is a view showing the action of the magnetic sensor, 
according to Ninth embodiment for carrying out the present 
invention, used in the chucking machine to which the thrust 
converter according to First embodiment for carrying out the 
present invention is applied; 

Fig. 15 is a flow chart showing the operation (of opening 
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the chuck claw) of the apparatus according to Ninth embodiment 
for carrying out the present invention for controlling the 
chucking machine to which the thrust converter according to 
First embodiment for carrying out the present invention is 
applied; 

Fig. 16 is a flow chart showing the operation (of closing 
the chuck claw) of the apparatus according to Tenth embodiment 
for carrying out the present invention for controlling the 
chucking machine to which the thrust converter according to 
Second embodiment for carrying out the present invention is 
applied; 

Fig. 17 is a flow chart showing the operation (of arranging 
gears in mesh) of the apparatus according to Tenth embodiment 
for carrying out the present invention for controlling the 
chucking machine to which the thrust converter according to 
Second embodiment for carrying out the present invention is 
applied; 

Fig . 18 is a view showing the configuration of an apparatus 
according to Eleventh embodiment for carrying out the present 
invention for controlling the chucking machine to which the 
thrust converter according to Fifth embodiment for carrying 
out the present invention is applied; 

Fig. 19 is a flow chart showing the operation (of closing 
the chuck claw) of the apparatus according to Eleventh embodiment 
for carrying out the present invention for controlling the 
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chucking machine to which the thrust converter according to 
Fifth embodiment for carrying out the present invention is 
applied; 

Fig. 20 is a flow chart showing the operation (of opening 
the chuck claw) of the apparatus according to Eleventh embodiment 
for carrying out the present invention for controlling the 
chucking machine to which the thrust converter according to 
Fifth embodiment for carrying out the present invention is 



T 

| applied; 



Fig. 21 is a view for explaining the operation of the 
thrust converter of the Fifth embodiment according to Eleventh 
embodiment for carrying out the present invention; 

Fig. 22 is a view for explaining the origin-restoration 
operation of the thrust converter of the Fifth embodiment 
according to Eleventh embodiment for carrying out the present 
invention; 

Fig. 23 is a flow chart for explaining the 
origin-restoration operation of the thrust converter of the 
Fifth embodiment according to Eleventh embodiment for carrying 
out the present invention; and 

Fig . 24 is a view in vertical section of a chucking machine 
to which a thrust converter having already proposed (invented) 
by the inventors of the present invention is applied. 
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BEST MODE FOR CARRYING OUT THE INVENTION 
First embodiment 

First embodiment for carrying out the present invention 
will be described below with reference to Figs. 1 and 2. 

Fig. 1 is a view in vertical section of a chucking machine 
to which a thrust converter according to First embodiment for 
carrying out the present invention is applied. Fig. 2 is a 

J2SC 

^ view for explaining the operation thereof. In each of the 

^ drawings, the right shows the load side and the left shows the 

U 

side reverse to the load side. 

In Fig. 1, the reference numeral 58 designates a 

C 5 

pj reciprocating means. The reciprocating means 58 includes a 

U 

f^l first servomotor 50 having a motor rotary shaft 50a, a gear 

C3 

fy 51 fixed on the motor rotary shaft 50a, a gear 52 meshing with 

the gear 51, a third nut 53 for fixing the gear 52, a third 
screw shaft 54 thread-engaged with the third nut 53, a third 
linear guide 56 for whirl-stopping the third screw shaft 54 
axially movably relative to a frame 47, and a bearing 57 for 
bearing the thirdnut 53 rotatable and axially immovable relative 
to the frame 47. Incidentally, the third nut 53, the third 
screw shaft 54, the third linear guide 56 and the bearing 57 
form a motor rotation-to-reciprocation converting means. 

The center of the rotary shaft of the first servomotor 
50 is not coaxial with the axial center of the thrust converter. 
The load side of the third servomotor 50 is reverse to the load 
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side of the thrust converter. Though not shown, a rotation 
detector which is means for detecting the rotational position 
of the motor rotary shaft 50a is disposed at the end opposite 
to the load-side end of the motor rotary shaft 50a. 

The reference numeral 5 designates a 
reciprocating-rotation converting means, which includes a 
first screw shaft 6 having a bearing housing portion 9 and 

P rotatably and axially immovably supported through the second 

rj 

•S3 ST 

4 s * bearing 21 relative to a bearing housing portion 8 provided 

y3 

U4 in the third screw shaft 54, a first nut 7 thread-engaged with 

O 

^ the first screw shaft 6, and a first linear guide 10 for axially 

pi 

T*. movably whirl-stopping the first screw shaft 6 relative to the 

Us second screw shaft 12. 

i y 

2^ The reference numeral 11 designates a 

rotation-to-reciprocation converting means, which includes a 
second nut 13 fixed to the first nut 7 and having a screw portion 
located in the inside of the first nut 7 (center line side of 
the main shaft) , a second screw shaft 12 thread-engaged with 
the second nut 13, and a second linear guide 14 for axially 
movably whirl-stopping the second screw shaft 12 relative to 
the main rotary shaft 22. 

Incidentally, a hollowpull rod 23 is fixed into the second 
screw shaft 12. 

The second screw shaft 12 is constituted by a screw so 
that the screw lead angle pi of the second screw shaft 12 has 
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the relation tanpi < |al when \il is the friction coefficient 
of the screw. 

The reference numeral 63 designates a reaction force 
receiving means. The reaction force receiving means 63 
includes a main rotary shaft 22 ; a first bearing 25 for rotatably 
and axially immovably bearing the main rotary shaft 22; a 
connection means 18 composed of a connection nut 62 as a second 
screw provided in the outer circumferential portion of the main 
j« rotary shaft 22, and a connection screw shaft 59 as a first 

screw thread-engaged with the connection nut 62; and a third 

bearing 24 for bearing the connection screw shaft 59 rotatable 

C3 

fy and axially immovable relative to the first nut 7. 

nj The connection means 18 is constituted by a screw having 

C3 

PJ the relation tanp2 < \x2 when p2 is the screw lead angle of the 

connection screw shaft 59, and \i2 is the friction coefficient 
of the screw. 

The reference numeral 30 designates a driving means , which 
includes a second servomotor 31 having a rotation detector and 
mounted to a frame 47 to make the loaded shaft side direction 
the same as the loaded shaft side direction of the first 
servomotor 50, a feed screw shaft 31b extended on the load side 
of the motor rotary shaft 31a of the second servomotor 31, a 
feed screw nut 31c thread-engaged with the feed screw shaft 
31b, a moving shaft 31d having a non-through hole provided for 
fixing the feed screw nut 31c and receiving the feed screw shaft 
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31b, a moving shaft 31e provided to be extended on the side 
opposite to the motor side of the moving shaft 31d, a hollow 
electromagnetic brake 32 spline-connected to the moving shaft 
31e to therebyprevent themoving shafts 31dand31e fromrotating 
and to thereby make the moving shaft 31e move through axially, 
a bearing 33 for rotatably and movably bearing the moving shaft 
^ 31d relative to the frame 47, a bearing 34 for rotatably and 

ft movably bearing the moving shaft 31e to the frame 47, a driving 

Jjp gear 35 fixed to the moving shaft 3 Id, driven gears 60 and 61 

p capable of meshing with the driving gear 35 and provided in 

5 parallel with each other with separation of a predetermined 

□ 

jlj distance from the outer circumference of the connection screw 

pj shaft 59, and an electromagnetic brake 46 fixed to the frame 

P 

pj 47 for preventing the rotation of the connection nut 62 and 

opening/closing the connection nut 62. 

Incidentally, the moving shafts 31d and 31e and the feed 
screw nut 31c form a moving shaft. 

Apart of the connection nut 62 is formed as a brake plate 
of an electromagnetic brake 46. 

The reference numeral 92 designates a moving means . The 
moving means 92 includes a driving means 30, and a connection 
means 18. The moving means 92 operates also as a part of the 
reaction force receiving means 63. 

The screw direction of each screw in the reciprocating 
means 58, the reciprocation-to-rotation converting means 5 and 
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the rotation-to-reciprocation converting means 11 are formed, 
considering that the second screw shaft 12 moves finally axially 
toward the side reverse to the load side when the third screw 
shaft 54 moves axially toward the side reverse to the load side. 
As is obvious from the drawing, the reciprocating means 58, 
the reciprocation-to-rotation converting means 5, the 
^ rotation-to-reciprocation converting means 11, etc. are 

A disposed on one and the same axial line. Although various 

jl considerations are made upon the screw lead angle, screw lead, 

yj 

Q etc. of each screw, the details of these items will become clear 

i 

~ from the following description of the operation. 

□ 

fjj A bracket 2 6 is provided on the load side of the main 

il 

Rj rotary shaft 22. A rear end of the main shaft 45 is fixed to 

□ 

FU the bracket 26. A chuck 44 is fixed to a front end of the main 

shaft 45 . A draw bar 91 is axially movably inserted in an axial 
center hollow portion of the main shaft 45 • A front end of 
the drawbar 91 is connected to a chuckclaw 42 through an operation 
converting mechanism 41 . A rear end of the draw bar 91 is fixed 
to a front end of the pull rod 23. 

The main shaft 45 is driven by a main shaft motor not 
shown and finally rotatably supported by bearings 21 and 25 
so as to rotate integrally with the chuck 44, the main rotary 
shaft 22, the draw bar 91, the pull rod 23, the connection nut 
62, the connection screw shaft 59, the second screw shaft 12, 
the second nut 13, the first nut 7, the first screw shaft 6, 
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etc . 

The operation converting mechanism 41 is configured so 
that the front end of the draw bar 91 presses a predetermined 
portion of a taper-like groove, for example, formed in the chuck 
claw 42 to thereby operate the chuck claw 42 in a direction 
of releasing the hold of the work 43 when the draw bar 91 is 
moved right in the drawing while the front end of the draw bar 



l3 

91 is inserted in the groove, and so that the front end of the 

fee? 



draw bar 91 presses the predetermined portion of the groove 



rj to thereby operate the chuck claw 42 in a direction of holding 

I 

s the work 43 when the draw bar 91 is moved left in the drawing. 

Pj Incidentally, the operation convertingmechanism 41 is commonly 

fU known . 

Q 

fjj The first servomotor 50 and the driving means 30 are fixed 

to the frame 47 . The main rotary shaft 22 is supported rotatably 
and axially immovably relative to the frame 47 through the first 
bearing 25. 

The operation of the First embodiment will be described 
below also with reference to Fig. 2. The holding operation 
of the driving means 30 by which the work 43 is held by the 
chuck claw 42 will be described first. 

That is, in a state of (a) of Fig. 2 in which the driving 
gear 35 meshes neither with the driven gear 60 nor with the 
driven gear 61, the second servomotor 31 is operated to rotate 
the motor rotary shaft 31a with predetermined torque in the 
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condition that the main shaft motor and the first servomotor 
50 stop. 

On this occasion, the electromagnetic brake 32 is in a 
state of locking the rotation of the moving shafts 31d and 31e. 
The feed screw shaft 31b rotates as the motor rotary shaft 31a 
rotates. Hence, the feed screw nut 31c thread-engaged with 
the feed screw shaft 31b, the moving shafts 31d and 31e and 

sssx 

~^ the driving gear 35 move toward the motor 31 because rotational 

lb motion of the feed screw nut 31c, the moving shafts 31d and 

yj 

mi 31e and the driving gear 35 is stopped by the electromagnetic 

brake 32. Because a gear sensor (not shown) makes the phase 
of the driving gear 35 coincident with the phase of the driven 

M 

?y gear 61, the driving gear 35 and the driven gear 61 moves until 

□ 

pj the feed screw nut 31c comes into contact with a step portion 

of the motor rotary shaft 31a while the teeth of the driving 
gear 35 mesh with the teeth of the driven gear 61 . As a result, 
a state of (b) of Fig. 2 is obtained. 

In the state of (b) of Fig. 2, when the electromagnetic 
brake 32 is released while the electromagnetic brake 46 is 
excited to thereby lock the connection nut 62, the feed screw 
nut 31c can make rotational motion. In the state at this time, 
the feed screw nut 31c coming into contact with the step portion 
of the motor rotary shaft 31a cannot move axially. Hence, when 
the motor rotary shaft 31a rotates continuously, the feed screw 
nut 31c begins to rotate in the position. Along with this 
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rotation, the gear 35 fixed to the feed screw nut 31c rotates 
to thereby rotate the connection screw shaft 59 in which the 
driven gear 61 capable of meshing with the gear 35 is provided. 
Because the connection nut 62 is whirl-stopped by the 
electromagnetic brake 4 6, the connection nut 62 is not dragged 
by the rotation of the connection screw shaft 59 but the 
Li connection screw shaft 59 moves rotationally in a direction 

?t reverse to the motor 31 up to a state of (c) of Fig. 2. 

J» 

*P At this time, the rotation-to-reciprocation converting 

U 

q means 11 is connected to the connection screw shaft 59 through 

41 

s the bearing 24. Further, the reciprocation-to-rotation 

C3 

nj converting means 5 is connected to the 

M 

nj rotation-to-reciprocation converting means 11 through the 

C3 

pj first nut 7 and the first screw shaft 6. Furthermore, the 

reciprocating means 58 is connected to the 
reciprocation-to-rotation converting means 5 through the 
bearing 21 . Configuration is made so that the first servomotor 
50, etc. of the reciprocating means 58 cannot move axially, 
and so that the third screw shaft 54 cannot move axially so 
long as the third nut 53 is not rotated. Hence, the first 
servomotor 50 is operated in synchronism with the second 
servomotor 31 of the driving means 30 (operated synchronously 
in a direction in which the third screw shaft 54 can move left 
in the drawing) to thereby rotate the third nut 53. 

As a result, the movement of the connection screw shaft 
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59 can be absorbed between the third nut 53 and the third screw 
shaft 53, so that the rotation-to-reciprocation converting 
means 11, the reciprocation-to-rotation converting means 5 and 
the third screw shaft 54 of the reciprocatingmeans 58 integrally 
move left in the drawing by the same distance as the moving 
distance of the connection screw shaft 59. 

Incidentally, on this occasion, as described above, the 
connection screw shaft 59 is rotatably supported by the bearing 
24 and the first servomotor 50 is operated in synchronism with 
the second servomotor 31 of the driving means 30 to thereby 
rotate the third nut 53 so that the movement of the connection 
screw shaft 59 is absorbed between the third nut 53 and the 
third screw shaft 54. Hence, the first nut 7 does not rotate 
but moves axially toward the side reverse to the load side (left 
in the drawing) . 

When the first servomotor 50 is driven, the motor rotary 
shaft 50a is rotated with predetermined torque. The torque 
is transferred to the gear 52 through the gear 51 fixed on the 
motor rotary shaft 50a to thereby rotate the third nut 53 to 
which the gear 52 is fixed. Because the third screw shaft 54 
thread-engaged with the third nut 53 is whirl-stopped relative 
to the frame 47 by the linear guide 56, the third screw shaft 
54 is not dragged with the third nut 53 but makes reciprocating 
motion . 

Along with the movement of the rotation-to-reciprocation 
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converting means 11, the pull rod 2 3 and the draw bar 91 move, 
axially toward the side reverse to the load side. Hence, the 
axial operation of the pull rod 23 and the drawbar 91 is converted 
into the radial operation of the chuck claw 42 by the operation 
converting mechanism 41, so that the chuck 44 holds the work 
43. 

When the second servomotor 31 is stopped running and the 
first servomotor 50 is continuously rotated with the 
% predetermined torque after the chuck 44 holds the work 43, the 

third nut 53 connected to the motor rotary shaft 50a through 
the gears 51 and 52 rotates. Because the third screw shaft 
54 thread-engaged with the thirdnut 53 is whirl-stopped relative 
to the frame 47 by the linear guide 56, the third screw shaft 
54 moves axially toward the side reverse to the load side . With 
the movement of the third screw shaft 54, the 
reciprocation-to-rotation converting means 5 including the 
first screw shaft 6 also moves. When the 

reciprocation-to-rotation converting means 5 moves axially 
toward the side reverse to the load side, the first screw shaft 
6 is pulled. 

Here is the relation: 

Fl = (271- TM-ti) /LI •••• (Expression 1) 

in which TM is the rotational torque for rotational motion of 
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the third nut 53, Fl is the thrust force for pulling the third 
screw shaft 54 axially, LI is the screw lead of the third screw 
shaft 54, and ti is the rotation-to-reciprocation converting 
efficiency. 

When the first screw shaft 6 is pulled, the first nut 
7 thread-engaged with the first screw shaft 6 rotates. Hence, 
the thrust force for axial movement of the first screw shaft 

Q 6 is converted into rotational torque for rotational motion 

Q 

^5 of the first nut 7. 



y Here is the relation: 

a 
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T2 = (L2 • Fl -ti2) /2rc •••• (Expression 2) 

in which Fl is the thrust force for pulling the first screw 
shaft 6 as obtained in the above description, T2 is the rotational 
torque of the first nut 7, L2 is the lead of the first screw 
shaft 6, and r\2 is the reciprocating-to-rotation converting 
efficiency . 

When the first nut 7 rotates, the second nut 13 fixed 
in the inside of the first nut 7 (on the center line side of 
the main shaft) also rotates. Hence, the second screw shaft 
12 thread-engaged with the second nut 13 moves axially in a 
direction reverse to the load side. Hence, the rotational 
motion torque of the second nut 13 is converted into thrust 
force for axial movement of the second screw shaft 12. 
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Here is the relation: 

F3 = (27C-T2-r|3) /L3 •••• (Expression 3) 

in which T2 is the rotational torque for rotational motion of 
the first nut 7 and the second nut 13 as obtained in the above 
description, F3 is the thrust force for axial movement of the 
second screw shaft 12, L3 is the screw lead of the second screw 



q shaft 12, and r\3 is the rotation-to-reciprocation converting 



q efficiency, 

■A 

From the expressions 2 and 3, the axial movement thrust 



force Fl given from the first servomotor 50 to the first screw 
nj shaft 6 and the axial thrust force F3 generated in the second 



screw shaft 12 have the relation: 



F3/F1 = (L2/L3) -r|c •••• (Expression 4) 

in which r\c is the motion conversion efficiency of the screw. 

That is, when screw leads of L2 > L3 are formed, the thrust 
force F3 generated in the second screw shaft 12 is converted 
into amplified thrust force which is (L2/L3) -r|c times as large 
as the thrust force Fl, that is, the thrust force F3 is generated 
as the amplified thrust force . Even in the case where the thrust 
force of the first servomotor 50 is small, a large amount of 
thrust force for axial movement can be obtained in the pull 
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rod 23. 

When the pull rod 23 and the draw bar 91 are moved axially 
toward the side reverse to the load side by the amplified thrust 
force F3, the operation converting mechanism 41 converts the 
axial operation of the pull rod 23 and the draw bar 91 into 
the radial operation of the chuck claw 42. Hence, the chuck 
. 44 holds the work 43 by the amplified holding force. 

Ft 

zi Incidentally, as obvious also from the expression 4, 

1* larger thrust force F3 can be obtained by smaller rotational 

yj 

q torque TM if the lead L2 of the first screw shaft 6 is made 

33 

B large. When, for example, the motion conversion efficiency 

□ 

Fjj of the screw is set to 100 %, Fl is amplified to 100 times in 

pj the case of L2 = 100 mm and L3 = 1 mm. Assuming that the stroke 

□ 

fjj of the draw bar 91 required for opening/closing the chuck claw 

42 is 15 mm, then 15 revolutions of the second nut 13 are required 
for moving the second screw shaft 12 by 15 mm. 

Accordingly, in order to make 15 revolutions of the second 
nut 13, 15 revolutions of the first nut 7 are required. Because 
the lead L2 of the first screw shaft 6 is 100 mm, the first 
nut 7 needs to have a length sufficient to move by 1500 mm. 

Accordingly, as described above, the driving means 30 
is operated in synchronism with the first servomotor 20 so that 
the rotation-to-reciprocation converting means 11, the 
reciprocation-to-rotation converting means 5, etc. canbe moved 
axially without rotating the first nut 7. Hence, it becomes 
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unnecessary for the first nut 7 to make 15 revolutions. 

The torque TM of the first servomotor is converted into 
a large amount of thrust force F so that the work 43 can be 
heldby requiredholding force. The strokemaybe slight because 
the chuck claw 42 has already held the work 43 . When, for example, 
the stroke needs to be 0.1 mm, 1/10 revolution of the second 
nut 13 may be required and the first nut 7 may have the stroke 
corresponding to 10 mm. 

Hence, the axial length of the thrust converter can be 
shortened greatly. 

Then, the motor rotary shaft 31a is rotated in a direction 
reverse to that carried out in the holding operation in the 
condition that, after the work 43 is held by the chuck claw 
42, the first servomotor 50 is stopped and the second servomotor 
31 is operated again so that the moving shaft 31e and the 
connection nut 62 are locked by the electromagnetic brakes 32 
and 46 respectively. As the motor rotary shaft 31a rotates, 
the feed screw shaft 31b rotates and the feed screw nut 31c 
thread-engagedwith the feed screw shaft 31bmoves axially toward 
the side reverse to the load side. The driving gear 35 fixed 
on the feed screw shaft 31c moves together from a state of (c) 
of Fig. 2 to a state of (d) of Fig. 2, that is, to a state in 
which the first driving gear 35 meshes neither with the gear 
60 nor with the gear 61. When the state of (d) of Fig. 2 is 
obtained, the second servomotor 31 is stopped. 
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Incidentally, the reason why the state of (d) of Fig. 
2 in which the first driving gear 35 meshes neither with the 
gear 60 nor with the gear 61 is obtained is to prevent the gear 
35 or the like not contributing to working at the time of 
performing working, from rotating to thereby attain high 
efficiency, and to prevent noise from being generated due to 
the driving gear 35 and the gear 61 in mesh. 

When the main shaft 45 supported by the bearings 21 and 
25 is then finally rotated by a main shaft motor (not shown) , 
the work 43 is cut while the draw bar 91, the chuck 44, the 
rotation-to-reciprocation converting means 11 and the 
reciprocation-to-rotation converting means 5 are dragged as 
described above. 

Incidentally, on this occasion, the first and second 
servomotors 50 and 31 are stopping and the electromagneticbrakes 
32 and 46 are in a state of being not excited. 

Further, on this occasion, the second screw shaft 12 
thread-engaged with the second nut 13 is constituted by a screw 
having the relation tanpi < \xl in which pi is the screw lead 
angle of the second screw shaft 12 thread-engaged with the second 
nut 13, and \il is the friction coefficient of the screw. In 
the screw satisfying this conditional expression, conversion 
efficiency is negative (-) when thrust force is converted into 
rotational torque. Hence, it is possible to convert rotational 
torque into axial thrust force when the rotational torque is 
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given to the screw. It is however impossible to convert axial 
thrust force into rotational torque when the axial thrust force 
is given to the screw. 

That is, when the second nut 13 is rotated with 
predetermined torque, the rotational torque can be converted 
into thrust force for axial movement of the second screw shaft 
12 thread-engaged with the second nut 13 whirl-stopped. 
However, even in the case where thrust force for axial movement 
is given to the second screw shaft 12, the second nut 13 cannot 
rotate . 

Also in the connection means 18, the connection screw 
shaft 59 is constituted by a screw having the relation tanP2 
< (j.2 in which 02 is the screw lead angle of the connection screw 
shaft 59, andn-2 is the friction coefficient of the screw . Hence, 
even in the case where axial thrust force is given from the 
main shaft 45, the connection screw shaft 59 cannot rotate. 

This means that the draw bar 91 giving force to the chuck 
claw 42 in the work-holding direction never moves axially toward 
the load side, this is, the work-holding force of the chuck 
claw 42 is never reduced even in the case where the first 
servomotor 50 is switched off at the time when a work is being 
worked. 

Then, to release the work 43 from the chuck claw 42, the 
first servomotor 50 is operated to rotate the motor rotary shaft 
50a in a direction reverse to that carried out in the 



above-mentioned holding operation to thereby loosen the chuck 
claw 42. Then, the second servomotor 31 is operated to move 
the feed screw shaft 31c toward the side reverse to the motor 
31 sideof the second servomotor whilemaking the electromagnetic 
brake 32 lock the moving shaft 31e. Because the phase of the 
driving gear 35 and the phase of the driven gear 60 are made 
coincident with each other by a gear sensor (not shown) , the 
moving shaft 31d moves until the step portion of the moving 
shaft 31d comes into contact with the bearing 33 while the teeth 
of the driving gear 35 mesh with the teeth of the driven gear 
60. Thus, the state of (d) of Fig. 2 changes to the state of 
(e) of Fig. 2. 

Then, in the state of (e) of Fig. 2, the electromagnetic 
brake 32 is released and the connection nut 62 is locked by 
the electromagnetic brake 46. The feed screw shaft 31c 
integrated with the moving shaft 31d rotates in this position 
because the step portion of the moving shaft 31d is in contact 
with the bearing 33 so that the feed screw shaft 31c is axially 
immovable but rotatable in the rotation direction. Along with 
this rotation, the driving gear 35 also rotates to thereby rotate 
the connection screw shaft 59 having the gear 60 driven by the 
driving gear 35 . Because the connection nut 62 is whirl-stopped 
by the electromagnetic brake 4 6, the connection nut 62 is not 
dragged by the rotation of the connection screw shaft 59 but 
the connection screw shaft 59 rotationally moves right to be 



P 
O 



in a state of (f) of Fig. 2. 

Further, on this occasion, the rotation-to-reciprocation 
converting means 11 is connected to the connection screw shaft 
59 through the bearing 24. The reciprocation-to-rotation 
converting means 5 is connected to the 

rotation-to-reciprocation converting means 11 through the 
first nut 7 and the first screw shaft 6. The reciprocating 
means 58 is connected to the reciprocation-to-rotation 
converting means 5 through the bearing 21. Configuration is 
made so that the first servomotor 50 of the reciprocating means 
58, or the like, cannot move axially, and so that the third 
screw shaft 54 cannot move axially so long as the third nut 



W 

a 
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o 

m i 
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fjj 53 is not rotated. Therefore, the first servomotor 50 is 

fy operated in synchronism with the second servomotor 31 of the 

driving means 30 (operated synchronously in a direction in which 
the third screw shaft 54 can move right in the drawing) to thereby 
rotate the third nut 53. As a result, the movement of the 
connection screw shaft 59 can be absorbed between the third 
nut 53 and the third screw shaft 54, so that the 
rotation-to-reciprocation converting means 11, the 
reciprocation-to-rotation converting means 5 and the third 
screw shaft 54 of the reciprocating means 58 integrally move 
right in the drawing by the same distance as the moving distance 
of the connection screw shaft 59. 

Incidentally, as described above, on this occasion, the 
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connection screw shaft 17 is rotatably supported by the bearing 
24 and the first servomotor 50 is operated in synchronism with 
the second servomotor 31 of the driving means 30 to rotate the 
third nut 53, so that the movement of the connection screw shaft 
59 is absorbed between the third nut 53 and the third screw 
shaft 54. Hence, the first nut 7 moves axially toward the load 
side (right in the drawing) without rotation. 



Along with the movement of the rotation-to-reciprocation 
converting means 11, the pull rod 23 and the draw bar 91 move 
axially toward the load side. The axial operation of the pull 
rod 23 and the draw bar 91 is converted into the radial operation 



Then, after a new work 43 is set, the second servomotor 
31 is rotated to return the state to the state of (a) of Fig. 
2. Then, operation shown in (b) to (f) of Fig. 2 is repeated. 
Second embodiment 

Second embodiment for carrying out the present invention 
will be described below with reference to Figs. 3 and 4. 

Fig. 3 is a view in vertical section of a chucking machine 
to which a thrust converter according to Second embodiment for 
carrying out the present invention is applied. Fig. 4 is a 
view for explaining the operation thereof. In each of the 
drawings, the right shows the load side and the left shows the 
side reverse to the load side. 



3 




of the chuck claw 42 by the operation converting mechanism 41, 



so that the work 43 is released from the chuck 44. 
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In the drawings, the reference numeral 1 designates a 
reciprocating means. The reciprocating means 1 includes: a 
first servomotor 20 having a motor rotary shaft 20a; a third 
nut 2 fixed to the load side of the motor rotary shaft 20a; 
a third screw shaft 3 thread-engaged with the third nut 2; a 
load-side bracket 20b; and a third linear guide 4 for 
whirl-stopping the third screw shaft 3 axially movable relative 

£3 to the load-side bracket 20b. Incidentally, the third nut 2, 

□ 

=jS the third screw shaft 3, the load-side bracket 20b and the third 

42 

W linear guide 4 form a motor rotation-to-reciprocation 

P 

*0 converting means, 

e 

G A rotation detector 20c which is means for detecting the 

w 

^ rotational position of the motor rotary shaft 20a is disposed 

fy 

at the end reverse to the load-side end of the motor rotary 

fy 

shaft 20a. 

The reference numeral 5 designates a 
reciprocating-rotation converting means, which includes a 
first screw shaft 6 having a bearing housing portion 9 and 
rotatably and axially immovably supported through the second 
bearing 21 relative to a bearing housing portion 8 provided 
in an end reverse to the motor-side end of the third screw shaft 
3, a first nut 7 thread-engaged with the first screw shaft 6, 
and a first linear guide 10 for whirl-stopping the first screw 
shaft 6 only axially movable relative to the second screw shaft 
12. 



- 48 - 



pj 
ru 



The reference numeral 11 designates a 
rotation-to-reciprocation converting means, which includes a 
second nut 13 fixed to the first nut 7 and having a screw portion 
located in the inside of the first nut 7 (center line side of 
the main shaft), a second screw shaft 12 thread-engaged with 
the secondnut 13, and a second linear guide 14 for whirl-stopping 
the second screw shaft 12 only axially movable relative to the 
main rotary shaft 22. 



a 

f Incidentally, a hollowpull rod 23 is fixed into the second 

U 
O 



screw shaft 12. 

The second screw shaft 12 is constituted by a screw so 
that the screw lead angle pi of the second screw shaft 12 has 
the relation tanfll < ul when [il is the friction coefficient 

□ 

fy of the screw. 

The reference numeral 15 designates a reaction force 
receiving means. The reaction force receiving means 15 
includes a main rotary shaft 22; a first bearing 25 for rotatably 
and axially immovably bearing the main rotary shaft 22; a 
connection means 18 composed of a connection nut 16 as a second 
screw provided in the outer circumferential portion of the main 
rotary shaft 22, and a connection screw shaft 17 as a first 
screw thread-engaged with the connection nut 16; and a third 
bearing 24 for bearing the connection screw shaft 17 rotatable 
and axially immovable relative to the first nut 7. 

The connection means 18 is constituted by a screw having 
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the relation tan£2 < \i2 when P2 is the screw lead angle of the 
connection screw shaft 17, and \i2 is the friction coefficient 
of the screw. 

The reference numeral 30 designates a driving means . The 
driving means 30 includes : a second servomotor 31 having a motor 
rotary shaft 31a, and a feed screw shaft 31b extended on the 
load side of the motor rotary shaft 31a; a feed screw nut 31c 

C3 thread-engaged with the feed screw shaft 31b; a moving shaft 

□ 

«l = 31d having a non- through hole provided for fixing the feed screw 

W nut 31c and receiving the feed screw shaft 31b; a moving shaft 

Q 

y3 31e provided to be extended on the load side of the moving shaft 

E 

S 31d; a hollow electromagnetic brake 32 through which the moving 

[f, shaft 31e can pass axially while the moving shafts 31d and 31e 

p are prevented from rotating at the time of excitation; a bearing 

33 for bearing the moving shaft 31d rotatable and movable 
relative to the frame 47; a bearing 34 for bearing the moving 
shaft 31e rotatable and movable relative to the frame 47; a 
first driving gear 35 fixed on the moving shaft 31d; first driven 
gears 36 and 37 capable of meshing with the first driving gear 
35 and provided in parallel with each other with separation 
of a predetermined distance from the outer circumference of 
the connection screw shaft 17; a second driving gear 38 fixed 
on the moving shaft 31e; and second driven gears 39 and 40 capable 
of meshing with the second driving gear 38 and provided in 
parallel with each other with separation of a predetermined 
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distance from the outer circumference of the connection nut 
16. 

Incidentally, the moving shafts 31d and 31e and the feed 
screw nut 31c form a moving shaft. 

The first driving gear 35 is formed to have a different 
number of teeth from the number of teeth in the second driving 
gear 38. The respective numbers of teeth in the first driven 

C3 gears 36 and 37 and the second driven gears 39 and 40 are set 

D 

4* so that the rotational velocity Na of the connection screw shaft 

W 17 rotated by the first driving gear 35 and the rotational 

Q 

velocityNbof the connection nut 16 rotatedby the second driving 

s 

p 



ry 
□ 
if J 



gear 38 have the relation Na > Nb. 

The reference numeral 92 designates a moving means. The 
moving means 92 includes: a driving means 30; and a connection 
means 18 . The moving means 92 acts also as a part of the reaction 
force receiving means 15. 

The screw direction of each screw in the reciprocating 
means 1, the reciprocation-to-rotation converting means 5 and 
the rotation-to-reciprocation converting means 11 are formed, 
considering that the second screw shaft 12 moves finally axially 
toward the side reverse to the load side when the third screw 
shaft 3 moves axially toward the side reverse to the load side. 
As is obvious from the drawing, the reciprocating means 1, the 
reciprocation-to-rotation converting means 5, the 
rotation-to-reciprocation converting means 11, etc. are 
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disposed on one and the same axial line. Although various 
considerations are made upon the screw lead angle, screw lead, 
etc. of each screw, the details of these items will become clear 
from the following description of the operation. 

A bracket 26 is provided on the load side of the main 
rotary shaft 22. A rear end of the main shaft 45 is fixed to 
the bracket 26. A chuck 44 is fixed to a front end of the main 
shaft 45 . A draw bar 91 is axially movably inserted in an axial 
center hollow portion of the main shaft 45. A front end of 
the drawbar 91 is connected to a chuckclaw 42 through an operation 
converting mechanism 41 . A rear end of the draw bar 91 is fixed 
to a front end of the pull rod 23. 

The main shaft 45 is driven by a main shaft motor not 
shown and finally rotatably supported by bearings 21 and 25 
so as to rotate integrally with the chuck 44, the main rotary 
shaft 22, the draw bar 91, the pull rod 23, the connection nut 
16, the connection screw shaft 17, the second screw shaft 12, 
the second nut 13, the first nut 7, the first screw shaft 6, 
etc . 

The operation converting mechanism 41 is configured so 
that the front end of the draw bar 91 presses a predetermined 
portion of a taper-like groove, for example, formed in the chuck 
claw 42 to thereby operate the chuck claw 42 in a direction 
of releasing the hold of the work 43 when the draw bar 91 is 
moved right in the drawing while the front end of the draw bar 
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91 is inserted in the groove, and so that the front end of the 
draw bar 91 presses the predetermined portion of the groove 
to thereby operate the chuck claw 42 in a direction of holding 
the work 43 when the draw bar 91 is moved left in the drawing. 
Incidentally, the operation converting mechanism 41 is commonly 
known . 

The first servomotor 20 and the driving means 30 are fixed 
to the frame 47 . The main rotary shaft 22 is supported rotatably 
and axially immovably relative to the frame 47 through the first 
bearing 25. 

The operation of the Second embodiment will be described 
below also with reference to Fig. 4. The holding operation 
of the driving means 30 by which the work 43 is held by the 
chuck claw 42 will be described first. 

In a state of (a) of Fig. 4 in which the gear 35 meshes 
neither with the gear 36 nor with the gear 37 and the gear 38 
meshes neither with the gear 39 nor with the gear 40, the second 
servomotor 31 is operated to rotate the motor rotary shaft 31a 
with predetermined torque in the condition that the main shaft 
motor and the first servomotor 20 stop. 

On this occasion, the electromagnetic brake 32 locks the 
moving shaft 31e. Hence, the feed screw shaft 31b rotates as 
the motor rotary shaft 31a rotates. Hence, the feed screw nut 
31c thread-engaged with the feed screw shaft 31b, the moving 
shafts 31d and 31e, and the first and second driving gears 35 
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and 38 move axially toward the load side without being dragged. 

A gear sensor (not shown) makes the phase of the first 
gear 35 coincident with the phase of the first driven gear 36 
and makes the phase of the second driving gear 38 coincident 
with the phase of the second driven gear 39, so that the step 
portion of the moving shaft 31d moves to come into contact with 

I"* the bearing 33 while the teeth of the first and second driving 

P 
P 

gears 35 and 38 mesh with the teeth of the first and second 

^5 driven gears 36 and 39 respectively. As a result, a state of 

yj 

Jjj (b) of Fig. 4 is obtained. 

' Next, in the state of (b) of Fig. 4, when the 

p| electromagnetic brake 32 is released, the step portion of the 

n t 

ft moving shaft 31d abuts on the inner race of the bearing 33 and 

n i 

cannot move axially toward the load side any more so that the 
feed screw nut 31c is axially immovable but rotatable in the 
rotation direction. Accordingly, the feed screw nut 31c 
rotates in this position. Along with this rotation, the first 
and second driving gears 35 and 38 rotate to thereby rotate 
the connection screw shaft 17 and the connection nut 16 in which 
the first and second driven gears 36 and 39 driven by the first 
and second driving gears 35 and 38 respectively are provided. 

Incidentally, on this occasion, as described above, the 
first driving gear 35 is formed to have a different number of 
teeth from the number of teeth of the second driving gear 38. 
Further, the respective numbers of teeth in the first driven 
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gears 36 and 37 and the second driven gears 39 and 40 are set 
so that the rotational velocity Na of the connection screw shaft 
17 rotated by the first driving gear 35 and the rotational 
velocityNbof the connection nut 16 rotated by the second driving 
gear 38 have the relationNa >Nb . Hence, the rotational velocity 
of the connection screw shaft 17 is different from that of the 
connection nut 16, so that the connection screw shaft 17 
rotationally moves toward the side reverse to the load side 
up to a state of (c) of Fig. 4 by differential motion. 

At this time, the rotation-to-reciprocation converting 
means 11 is connected to the connection screw shaft 17 through 
the bearing 24. Further, the reciprocation-to-rotation 
converting means 5 is connected to the 

rotation-to-reciprocation converting means 11 through the 
first nut 7 and the first screw shaft 6. Furthermore, the 
reciprocating converting means 1 is connected to the 
reciprocation-to-rotation converting means 5 through the 
bearing 21 . Configuration is made so that the first servomotor 
20, etc. of the rotation-to-reciprocation converting means 1 
cannot move axially, and so that the third screw shaft 3 cannot 
move axially so long as the third nut 2 is not rotated. Hence, 
the first servomotor 20 is operated in synchronism with the 
second servomotor 31 of the driving means 30 (operated 
synchronously in a direction in which the third screw shaft 
3 can move left in the drawing) to thereby rotate the third 
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nut 2. 

As a result, the movement of the connection screw shaft 
17 can be absorbed between the third nut 2 and the third screw 
shaft 3, so that the rotation-to-reciprocation converting means 
11, the reciprocation-to-rotation converting means 5 and the 
third screw shaft 3 of the reciprocating converting means 1 
M 1 integrally move axially toward the side reverse to the load 

by the same distance as the moving distance of the connection 



O 
E3 

^3 screw shaft 17. 



P Incidentally, on this occasion, as described above, the 



ru 

PJ 

a 

PJ 



connection screw shaft 17 is rotatably supported by the bearing 
24 and the first servomotor 2 0 is operated in synchronism with 
the second servomotor 31 of the driving means 30 to thereby 
rotate the third nut 2 so that the movement of the connection 
screw shaft 17 is absorbed between the third nut 2 and the third 
screw shaft 3 . Hence, the first nut 7 does not rotate but moves 
axially toward the side reverse to the load side. 

Along with the movement of the rotation-to-reciprocation 
converting means 11, the pull rod 2 3 and the draw bar 91 move 
axially toward the side reverse to the load side. Hence, the 
axial operation of the pull rod 23 and the drawbar 91 is converted 
into the radial operation of the chuck claw 42 by the operation 
converting mechanism 41, so that the chuck 44 holds the work 
43. 

When the second servomotor 31 is stopped running and the 
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first servomotor 20 is continuously rotated with the 
predetermined torque after the chuck 44 holds the work 43, the 
thirdnut 2 fixed on themotor rotary shaft 20a rotates . Because 
the third screw shaft 3 thread-engaged with the third nut 2 
is whirl-stopped relative to the load-side bracket 20b by the 
linear guide 4, the third screw shaft 3 moves axially toward 
the side reverse to the load side. With the movement of the 
third screw shaft 3, the reciprocation-to-rotation converting 
means 5 including the first screw shaft 6 also moves. When 
the reciprocation-to-rotation converting means 5 moves axially 
toward the side reverse to the load side, the first screw shaft 

6 is pulled. 

Here is the relation: 

Fl = (27C- TM-T|) /LI •••• (Expression 1) 

in which TM is the rotational torque for rotational motion of 
motor rotary shaft 20a and the third nut 2, Fl is the thrust 
force for pulling the third screw shaft 3 axially, LI is the 
screw lead of the third screw shaft 3, and r\ is the 
rotation— to-reciprocation converting efficiency. 

When the first screw shaft 6 is pulled, the first nut 

7 thread-engaged with the first screw shaft 6 rotates. Hence, 
the thrust force for axial movement of the first screw shaft 
6 is converted into rotational torque for rotational motion 
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of the first nut 7. 



Here is the relation: 



T2 = (L2-F1-T12) /2% 



(Expression 2) 



in which Fl is the thrust force for pulling the first screw 
shaft 6 as obtained in the above description, T2 is the rotational 
torque of the first nut 7 , L2 is the lead of the first screw 
shaft 6, and r|2 is the reciprocation-to-rotation converting 
efficiency. 

When the first nut 7 rotates, the second nut 13 fixed 
in the inside of the first nut 7 (on the center line side of 
the main shaft) also rotates. Hence, the second screw shaft 
12 thread-engaged with the second nut 13 moves axially toward 
the side reverse to the load side . Hence, the rotational motion 
torque of the second nut 13 is converted into thrust force for 
axial movement of the second screw shaft 12. 

Here is the relation: 



in which T2 is the rotational torque for rotational motion of 
the first nut 7 and the second nut 13 as obtained in the above 
description, F3 is the thrust force for axial movement of the 
second screw shaft 12, L3 is the screw lead of the second screw 



F3 = (27C-T2 -T|3) /L3 



(Expression 3) 
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shaft 12, and r|3 is the rotation-to-reciprocation converting 
efficiency. 

From the expressions 2 and 3, the axial movement thrust 
force Fl given from the first servomotor 20 to the first screw 
shaft 6 and the axial thrust force F3 generated in the second 
screw shaft 12 have the relation: 



in which tic is the motion conversion efficiency of the screw. 

That is, when screw leads of L2 > L3 are formed, the thrust 
force F3 generated in the second screw shaft 12 is converted 
into amplified thrust force which is (L2/L3) -r|c times as large 
as the thrust force Fl, that is, the thrust force F3 is generated 
as the amplified thrust force . Even in the case where the thrust 
force of the first servomotor 20 is small, a large amount of 
thrust force for axial movement can be obtained in the pull 
rod 23. 



When the pull rod 23 and the draw bar 91 are moved axially 
toward the side reverse to the load side by the amplified thrust 
force F3, the operation converting mechanism 41 converts the 
axial operation of the pull rod 23 and the draw bar 91 into 
the radial operation of the chuck claw 42. Hence, the chuck 
44 holds the work 43 by the amplified holding force. 

Incidentally, as obvious also from the expression 4, a 




F3/F1 = (L2/L3) -tic 



(Expression 4) 
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larger amount of thrust force F3 can be obtained by smaller 
rotational torque TM if the lead L2 of the first screw shaft 
6 is made large. When, for example, the motion conversion 
efficiency of the screw is set to 100 %, Fl is amplified to 
100 times in the case of L2 = 100 mm and L3 = 1 mm. Assuming 
that the stroke of the draw bar 91 required for opening/closing 
the chuck claw 42 is 15 mm, then 15 revolutions of the second 

£1 

p nut 13 are required for moving the second screw shaft 12 by 

43 15 mm. 

W 

p Accordingly, in order to make 15 revolutions of the second 

nut 13, 15 revolutions of the first nut 7 are required. Because 

Q 

fU the lead L2 of the first screw shaft 6 is 100 mm, the first 

U 

HJ nut 7 needs to have a length sufficient to move by 1500 mm. 

a 

PJ Accordingly, as described above, the driving means 30 

is operated in synchronism with the first servomotor 20 so that 
the rotation-to-reciprocation converting means 11, the 
reciprocation-to-rotation converting means 5, etc. canbe moved 
axially without rotating the first nut 7. Hence, it becomes 
unnecessary for the first nut 7 to make 15 revolutions. 

The torque TM of the first servomotor is converted into 
a large amount of thrust force F so that the work 43 can be 
heldby requiredholding force . The strokemaybe slight because 
the chuck claw 42 has already held the work 43 . When, for example, 
the stroke needs to be 0.1 mm, 1/10 revolution of the second 
nut 13 may be required and the first nut 7 may have the stroke 
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corresponding to 10 mm. 

Hence, the axial length of the thrust converter can be 
shortened greatly. 

The motor rotary shaft 31a is rotated in a direction 
reverse to that carried out in the holding operation in the 
condition that, after the work 43 is held by the chuck claw 

M* 42, the first servomotor 20 is stopped and the second servomotor 

C3 

C3 31 is operated again so that the moving shaft 31e is locked 

by the electromagnetic brake 32. As the motor rotary shaft 

U 

3ia rotates, the feed screw shaft 31b rotates and the feed screw 

U3 

* nut 31c thread-engaged with the feed screw shaft 31b moves 

: l j axially toward the side reverse to the load side. 

y Along with the movement, teeth portions of the first and 

Q 

fy second driving gears 35 and 38 fixed to the feed screw nut 31c 

and the moving shaft 31e respectively move from a state of (c) 
of Fig. 4 to a state of (d) of Fig. 4, that is, to a state in 
which the first driving gear 35 does not mesh with any one of 
the first driven gears 36 and 37 and the second driving gear 
38 does not mesh with any one of the second driven gears 39 
and 40. When the state of .(d) of Fig. 4 is obtained, the second 
servomotor 31 is stopped. 

Next, when the main shaft 45 supported by the bearings 
21 and 25 is then finally rotated by a main shaft motor (not 
shown) in the condition that the first and second servomotors 
20 and 31 are stopped, the work 43 is cut while the draw bar 



! 
! 

i 
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91, the chuck 44, the rotation-to-reciprocation converting 
means 11, the reciprocation-to-rotation converting means 5, 
etc. are dragged as described above. 

Further, as described above, the second screw shaft 12 
thread-engaged with the second nut 13 is constituted by a screw 
having the relation tanpl < |^1 in which pi is the screw lead 
M angle of the second screw shaft 12 thread-engaged with the second 

g 

nut 13, and \il is the friction coefficient of the screw. In 

*sjra 

P the screw satisfying this conditional expression, conversion 

yj 

0 efficiency is negative (-) when thrust force is converted into 

y'J 

rotational torque. Hence, it is possible to convert rotational 

a 

ff torque into axial thrust force when the rotational torque is 

gi given to the screw. It is however impossible to convert axial 

r i 

' ~ thrust force into rotational torque when the axial thrust force 

is given to the screw. 

That is, when the second nut 13 is rotated with 
predetermined torque, the rotational torque can be converted 
into thrust force for axial movement of the second screw shaft 
12 thread-engaged with the second nut 13 whirl-stopped. 
However, even in the case where thrust force for axial movement 
is given to the second screw shaft 12, the second nut 13 cannot 
rotate . 

Also in the connection means 18, the connection screw 
shaft 17 is constituted by a screw having the relation tanp2 
< \x2 when p2 is the screw lead angle of the connection screw 
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shaft 17, andfi2 is the friction coefficient of the screw. Hence, 
even in the case where axial thrust force is given from the 
main shaft 45, the connection screw shaft 17 cannot rotate. 

This means that the draw bar 91 giving force to the chuck 
claw 42 in the work-holding direction never moves axially toward 
the load side, this is, the work-holding force of the chuck 
claw 42 is never reduced even in the case where the first 

a 

C3 servomotor 20 is switched off at the time when a work is being 

4Z 

, , worked. 

^ Immediately after cutting of the work 43 is finished, 

an operation of releasing the work 43 from the chuck claw 42 
is carried out. The motor rotary shaft 20a of the first 



a 
pj 

pj 



q servomotor 20 is rotated reversely with predetermined torque 

to move the pull rod 23 axially slightly toward the load side 
in the reverse operation to the work-holding operation to thereby 
loosen the chuck claw 42. 

Then, in the condition that the electromagnetic brake 
32 is excited again, the second servomotor 31 is operated to 
rotate the motor rotary shaft 31a from the state of (d) of Fig. 
4 to a state of (e) of Fig. 4 to thereby move the feed screw 
shaft 31c, the moving shafts 31d and 31e and the first and second 
driving gears 35 and 38 axially toward the side reverse to the 
load side. 

A gear sensor (not shown) makes the phase of the first 
driving gear 35 coincident with the phase of the first driven 
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gear 37 and makes the phase of the second driving gear 38 
coincident with the phase of the second driven gear 40, so that 
the feed screw nut 31c moves to come into contact with the motor 
rotary shaft 31a while the teeth of the first and second driving 
gears 35 and 38 mesh with the teeth of the first and second 
driven gears 37 and 40 respectively. As a result, a state of 
f=i (e) of Fig. 4 is obtained. 

Q Next, in the state of (e) of Fig. 4, when the 

sacs 

*13 electromagnetic brake 32 is released, the feed screw nut 31c 

U 

C3 abuts on the step portion of the motor rotary shaft 31a and 

42 

cannot move axially toward the side reverse to the load side 

□ 

f J any more so that the feed screw nut 31c is axially immovable 

H but rotatable in the rotation direction . Accordingly, the feed 

^ screw nut 31c rotates in this position. 

Because the second servomotor 31 rotates in a direction 
reverse to that carried out in the work-holding operation, the 
first and second driving gears 35 and 38 rotate along with the 
rotation to thereby rotate the connection screw shaft 17 and 
the connection nut 16 in which the first and second driven gears 

37 and 40 driven by the first and second driving gears 35 and 

38 respectively are provided. Because the rotational velocity 
of the connection screw shaft 17 is different from the rotational 
velocity of the connection nut 16 as described above, the 
connection screw shaft 17 is thrust into the connection nut 
16 by differential motion. Thus, the connection screw shaft 



- 64 - 



17 rotationally moves toward the load side up to a state of 

(f) of Fig. 4. 

On this occasion, as described above, the 
rotation-to-reciprocation converting means 11 is connected to 
the connection screw shaft 17 through the bearing 24. The 
reciprocation-to-rotation converting means 5 is connected to 
the rotation-to-reciprocation converting means 11 through the 
first nut 7 and the first screw shaft 6. The reciprocation 
£ converting means 1 is connected to the 

ll reciprocation-to-rotation converting means 5 through the 

bearing 21 . Configuration is made so that the first servomotor 

Q 

fU 2 0 of the reciprocation converting means 1 cannot move axially, 

m 

a 



b 
□ 



and so that the third screw shaft 3 cannot move axially so long 



W as the third nut 2 is not rotated. Therefore, the first 

servomotor 20 is successively operated in synchronism with the 
second servomotor 31 of the driving means 30 (operated 
synchronously in a direction in which the third screw shaft 
3 can move right in the drawing) to thereby rotate the third 
nut 2 . 

As a result, the movement of the connection screw shaft 
17 can be absorbed between the third nut 2 and the third screw 
shaft 3, so that the rotation-to-reciprocation converting means 
11, the reciprocation-to-rotation converting means 5 and the 
third screw shaft 3 of the reciprocation converting means 1 
integrally move toward a load side by the same distance as the 
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moving distance of the connection screw shaft 17. 

Incidentally, as described above, on this occasion, the 
connection screw shaft 17 is rotatably supported by the bearing 
2 4 and the first servomotor 20 is operated in synchronism with 
the second servomotor 31 of the driving means 30 to rotate the 
third nut 2, so that the movement of the connection screw shaft 
17 is absorbed between the third nut 2 and the third screw shaft 
3 3. Hence, the first nut 7 moves axially toward the load side 

'fi without rotation. 

Along with the movement of the rotation-to-reciprocation 
converting means 11, the pull rod 23 and the draw bar 91 move 



O 



Us? 
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ff axially toward the load side. The axial operation of the pull 
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rod 23 and the draw bar 91 is converted into the radial operation 
of the chuck claw 42 by the operation converting mechanism 41, 
so that the work 43 is released from the chuck 44. 

Then, after a new work 43 is set, the second servomotor 
31 is rotated to return the state to the state of (a) of Fig. 
4. Then, operation shown in (b) to (f) of Fig. 4 is repeated. 

Incidentally, it is a matter of course that the 
reciprocating means 1 in the Second embodiment may be replaced 
by the reciprocating means 58 in First embodiment. 
Third embodiment 

Third embodiment for carrying out the present invention 
will be described below with reference to Fig. 5 (which is a 
view in vertical section of a chucking machine to which the 
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thrust converter is applied) . 

The reference numeral 15 designates a reaction force 
receiving means. The reaction force receiving means 15 
includes: amain rotary shaft 22 ; a first bearing 25 for rotatably 
but axially immovably bearing the main rotary shaft 22; a 
connection means 18 including a connection nut 16 which is a 

M second screw rotatably but axially immovably supported through 

C3 

£3 a bearing 27 on an outer circumferential portion of the main 

4- 

"J3 rotary shaft 22, and a connection screw shaft 17 which is a 

y 

first screw thread-engaged with the connection nut 16; and a 



a 

ru 
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third bearing 24 for bearing the connection screw shaft 17 
rotatable but axially immovable relative to the first nut 7. 

Incidentally, other configuration is the same as that 
in Second embodiment. 

The operation will be described below. In the holding 
operation shown in (b) to (c) of Fig. 4, when the second servomotor 
31 is operated in synchronism with the first servomotor 20, 
the feed screw nut 31c, the first driving gear 35 meshing with 
the first driven gear 36, and the second driving gear 38 meshing 
with the second driven gear 39 rotate as the motor rotary shaft 
31a rotates. 

The connection screw shaft 17 and the connection nut 16, 
in which the first and second driven gears 36 and 39 are provided 
respectively, rotate along with the rotation of the first and 
second driven gears 36 and 39. 
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On this occasion, the connection nut 16 rotates without 
being dragged with the rotary shaft 22 because the connection 
nut 16 is supported by the bearing 27. Hence, a motor not 
requiring any torque for driving the main rotary shaft 22 or 
the like can be provided as the second servomotor 31. 

Also at the time when the work is being worked, the 
U connection nut 16 and the connection screw shaft 17 do not rotate 

£3 integrally with the main rotary shaft 22 or the like because 

4= 

42 the connection nut 16 and the connection screw shaft 17 are 

w 

£3 rotatably supported by the bearings 24 and 27 respectively. 

42 

s Because the rotational velocity of the connection screw 

a 

shaft 17 is different from the rotational velocity of the 
Ejjj connection nut 16, the connection screw shaft 17 rotationally 

nj moves toward the side reverse to the load side up to a state 

of (c) of Fig. 4 due to differential motion. Further, the 
chuck-opening operation shown in (d) to (f ) of Fig. 4 is reverse 
in rotating direction to the above-mentioned holding operation . 
Along with the rotation, the connection screw shaft 17 is thrust 
into the connection nut 16 so that the connection screw shaft 
17 rotationally moves toward the load side up to a state of 
(f) of Fig. 4. 

Incidentally, in the holding operation and the opening 
operation, an operation of synchronously operating the first 
servomotor 20 to reciprocate the reciprocation-to-rotation 
converting means 5 or the like following the axial movement 
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of the connection screw shaft 17 to thereby prevent the first 
nut 7 from rotating is similar to that in Second embodiment. 

Third embodiment as to other operations is the same as 
Second embodiment. 
Fourth embodiment 

Fourth embodiment for carrying out the present invention 
will be described below with reference to Fig. 6 (which is a 

P 

C3 view in vertical section of a chucking machine to which the 

*J3 thrust converter is applied) . 

i : ! 

C3 The reference numeral 68 designates a reciprocatingmeans 

yj 

I which is equivalent to the reciprocating means 58 in First 

Q 

embodiment. The reciprocating means 68 includes: a first 
K servomotor 50 having a motor rotary shaft 50b; a third screw 

^ shaft 65 fixed on the same axial line as that of the motor rotary 

shaft 50b; a third nut 64 thread-engaged with the third screw 
shaft 65; and a reciprocating portion 67 connected to the third 
nut 64 through a flexible coupling 93 and a reciprocating thrust 
transfer plate 66. Incidentally, the third screw shaft 65 and 
the third nut 64 form a motor rotation-to-reciprocation 
converting means. 

Fourth embodiment as to other configuration is similar 

to First embodiment. 

In the case of Fourth embodiment, along with the rotation 
of the motor rotary shaft 50b, the third screw shaft 65 fixed 
on the motor rotary shaft 50b rotates so that the third nut 
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64 thread-engaged with the third screw shaft 65 moves axially. 
The operation similar to that carried out in First embodiment 
is performed except that the axial movement of the third nut 
64 is transferred, through the flexible coupling 93 and the 
reciprocating thrust transfer plate 66, to the reciprocating 
portion 67 connected to the reciprocation-to-rotation 
converting means 5 through the bearing 21. 

□ 

£3 Hence, the movement of the rotation-to-reciprocation 

jS converting means 11 and the reciprocation-to-rotation 

: t s 

converting means 5 along with the movement of the connection 

y.3 

* screw shaft 59 described with reference to Fig. 2 is absorbed 

P J between the third nut 64 and the third screw shaft 65 through 



JjJ the reciprocating portion 67, the reciprocating thrust transfer 

f " plate 66 and the flexible coupling 93. 

Incidentally, it is a matter of course that the 
reciprocating means 68 in Fourth embodiment can be applied to 
the reciprocating means 1 in Second embodiment or 3. 
Fifth embodiment 

Fifth embodiment for carrying out the present invention 
will be described below with reference to Fig. 7 (which is a 
view in vertical section mainly showing a driving means of the 
thrust converter) . 

Fifth embodiment is different from Fourth embodiment only 
in the portion of the driving means but similar to Fourth 
embodiment in other configuration and operation than the driving 
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means. Hence, only the configuration and operation of the 
driving means will be described here. 

The reference numeral 7 0 designates a driving means . The 
driving means 70 includes: a feed servomotor 69 having a 
rotational position detector 55; and a motor rotary shaft 73 
disposed outside a connection screw shaft 71 and rotatably 

M supported by a bearing 24. A permanent magnet 72 is disposed 

Q 

O outside the motor rotary shaft 73 so as to be opposite to a 

f 

stator 74 of the feed servomotor 69. 

yj 

5 Further, the relation L2 + S < LI is established among 

J~ the axial length L2 of the permanent magnet 72, the required 

feed stroke S thereof and the axial length LI of the stator 
74. That is, the size of a portion not contributing to 
motor-generated torque is shortened as extremely as possible 
in order to make the motor 69 more inexpensive. 

An electromagnetic brake 46 is fixed to the frame 47. 
A part of the connection nut 62 is used as a brake disk. 

The operation of the driving means 70 will be described 

below. 

First, the connection nut 62 is locked by the 
electromagnetic brake 46 so as to be disabled from rotating. 
Then, the feed servomotor 69 is operated to rotate the motor 
rotary shaft 73 . Because the connection screw shaft 71 is formed 
in the motor rotary shaft 73, the connection screw shaft 71 
makes rotational reciprocating motion as the motor rotary shaft 
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73 rotates. On this occasion, the rotation-to-reciprocation 
converting means 11, the reciprocating-rotation means 5 and 
the reciprocating portion 67 are reciprocated in synchronism 
with the reciprocating motion of the connection screw shaft 
71, so that the holding operation or the releasing operation 
can be made without rotation of the first nut 7. 

Incidentally, it is a matter of course that the driving 
O means 70 in the Fifth embodiment can be applied also to the 



C3 
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ru 
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yj drivinq means 30 in any one of The embodiments 1 through 3. 

y 

w Sixth embodiment 

^ Sixth embodiment for carrying out the present invention 

will be described below with reference to Fig. 8 (which is a 
view in vertical section mainly showing a driving means of the 
thrust converter) . 

The Sixth embodiment is different from Fourth embodiment 
only in the portion of the driving means but similar to Fourth 
embodiment in other configuration and operation than the driving 
means. Hence, only the configuration and operation of the 
driving means will be described here. 

The reference numeral 7 0 designates a driving means . The 
driving means 70 includes: a feed servomotor 28 having a 
rotational position detector 55; a brake servomotor 29; a motor 
rotary shaft 73 disposed outside a connection screw shaft 71 
and rotatably supported by a bearing 24; a permanent magnet 
72 fixed to the motor rotary shaft 73; a motor rotary shaft 
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48 disposed outside a connection nut 16 and rotatably supported 
by a bearing 27; and a permanent magnet 49 fixed to the motor 
rotary shaft 48. 

The relation L2 + S < LI is established among the axial 
length L2 of the permanent magnet 72, the quick-feed necessary 
stroke S thereof and the axial length LI of the stator 19. That 



The operation of the driving means 70 will be described 

below. 

First, the feed servomotor 28 is operated to rotate the 
motor rotary shaft 73 including the connection screw shaft 71. 
On the other hand, the brake servomotor 29 is servo-locked to 
disable the motor rotary shaft 48 including the connection nut 
16 from rotating. With the rotation of the motor rotary shaft 
73 including the connection screw shaft 71, the connection screw 
shaft 71 makes rotational reciprocating motion. 



The rotation-to-reciprocation converting means 11, the 
reciprocating-rotation means 5 and the reciprocating portion 
67 are reciprocated in synchronism with the reciprocatingmotion 
of the connection screw shaft 71, so that the holding operation 
or the releasing operation can be made without rotation of the 
first nut 7. For example, the quantity of the reciprocating 
motion is calculated on the basis of the screw lead and rotational 
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is, the size of a portion not contributing to motor-generated 
torque is shortened as extremely as possible in order to make 



the motor 28 more inexpensive. 
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velocity of the connection screw shaft 71 by the rotation 
detector 55 of the feed servomotor 28. 

Incidentally, it is a matter of course that the driving 
means 70 in Sixth embodiment can be applied to the driving means 
30 in any one of The embodiments 1 through 3. 
Seventh embodiment 

Seventh embodiment for carrying out the present invention 
will be described below with reference to Fig. 9 (which is a 
view in vertical section mainly showing a driving means of the 
thrust converter) . 

Seventh embodiment is different from Fourth embodiment 
only in the portion of the driving means but similar to Fourth 
embodiment in other configuration and operation than the driving 
means. Hence, only the configuration and operation of the 
driving means will be described here. 

The reference numeral 75 designates a driving means . The 
drivingmeans 75 includes : a feed servomotor 7 7 which is a driving 
means having a rotational position detector 55; a second motor 
rotary shaft 73 disposed outside the connection screw shaft 

71 and rotatably supported by the bearing 24 ; a permanent magnet 

72 fixed to the outside of the second motor rotary shaft 73; 
a third motor rotary shaft 80 disposed outside the connection 
nut 7 8 and rotatably supported by the bearing 27; and a permanent 
magnet 79 fixed to the outside of the third motor rotary shaft 
80 . Incidentally, the permanent magnets 72 and 79 are disposed 



opposite to a stator 76. 

The secondmotor rotary shaft 73 and the thirdmotor rotary 
shaft 80 are provided so as to be different from each other 
in the number of poles . In this embodiment, the number of poles 
in the second motor rotary shaft 73 is set to be twice as large 
as the number of poles in the third motor rotary shaft 80. 

Configuration is made so that there is a relation of Lm72 
+ Lm7 9 + Ls2 < Lf2 among the axial length Lm72 of the permanent 
magnet 72, the axial length Lm79 of the permanent magnet 79, 
the feed necessary stroke Ls2 and the axial length Lf2 of the 
stator 76. 

The operation of the driving means 75 will be described 

below. 

First, the feed servomotor 77 is operated to generate 
rotational magnetic field. On this occasion, the secondmotor 
rotary shaft 73 is rotated by the rotational magnetic field 
generated, so that the second motor rotary shaft 73 makes a 
normal servo operation. On the other hand, the third motor 
rotary shaft 80 makes stepping-rotation in the same direction 
on the basis of the relation in magnetic poles. Accordingly, 
a rotational velocity difference is generatedbetween the second 
motor rotary shaft 73 and the third motor rotary shaft 80, so 
that the connection screw shaft 71 makes rotational 
reciprocating motion by differential motion. 

For example, the rotational difference between the second 



motor rotary shaft 73 and the third motor rotary shaft 80 is 
obtained on the basis of comparison between an output from an 
angle sensor (not shown) for detecting the rotational angle 
of the thirdmotor rotary shaft 80 and an output from the rotation 
detector 55 of the feed servomotor 77 for detecting the 
rotational angle of the second motor rotary shaft 73. The 
quantity of the reciprocating motion of the connection screw 

□ 

C3 shaft 71 is obtained on the basis of the difference and the 



* lead of the connection screw shaft 71. 

On this occasion, the reciprocation-to-rotation 



iD 



pj 



converting means 5 and the reciprocating portion 67 are 
reciprocated in synchronism with the obtained reciprocating 



motion of the connection screw shaft 71, so that the holding 



operationor the releasing operation canbemade without rotation 
of the first nut 7. 

Incidentally, when the number of magnetic poles in the 
stator 76, the number of poles in the second motor rotary shaft 
73 and the number of poles in the third motor rotary shaft 80 
are set to satisfy a predetermined relation, the third motor 
rotary shaft 80 can be provided to make stepping-rotation in 
a direction reverse to that of the second motor rotary shaft 
73 due to the relation of the magnetic poles. 

It is a matter of course that the driving means 75 in 
the Sixth embodiment can be applied to the driving means 30 
in any one of Embodiments 1 through 3. 
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Eighth embodiment 

Although each of the aforementioned respective 
embodiments has shown the case where the connection nut which 
is a second screw is provided on the main rotary shaft while 
the connection screw shaft which is a first screw is driven 
to reciprocate by the driving means, it is obvious that the 
same action and effect as described above is obtained even in 
the reverse configuration to the above-mentioned case, that 
i S/ even if the connection screw shaft equivalent to the second 
screw is provided on the main rotary shaft while the connection 
nut equivalent to the first screw is driven to reciprocate by 
the driving means. 

Although each of the aforementioned respective 
embodiments has shown the case where the first servomotor having 
a rotor is used as a main driving source of the thrust converter 
so that the rotational torque of the first servomotor is 
converted into axial thrust force by the 
rotation-to-reciprocation converting means, it is obvious that, 
if a driving source such as a linear motor not required for 
converting rotational torque into axial thrust force is used 
as a main driving source of the thrust converter, the 
rotation-to-reciprocation converting means becomes 
unnecessary and the driving source such as a linear motor 
provided as a reciprocating means will be sufficient. 
Ninth embodiment 




Ninth embodiment for carrying out the present invention 
will be described below with reference to Figs. 10 through 15. 

Incidentally, this embodiment relates to a controller 
for operating the thrust converter having the configuration 
described in First embodiment (Figs. 1 and 2) . Fig. 10 is a 
view showing the configuration of the controller. Fig. 11 is 

U a flow chart for explaining the holding operation until the 

Q 

Q work 43 is held by the chuck claw 42. Fig. 12 is a flow chart 

^3 showing the operation related to the mesh of the driving gear 

□ 35 with the gear 60 or 61. Fig. 13 is a view for explaining 

yj 

5 the mount state of a magnetic sensor. (a) of Fig. 13 is a front 

O 

f- view and (b) of Fig. 13 is a right side view. Fig. 14 is a 

*ii view for explaining the action of the magnetic sensor. Fig. 

nj is is a flow chart for explaining the operation when the work 

43 held by the chuck claw 42 is released. 

In Fig. 10, a high-order controller 109 outputs an 
instruction from its control portion 111 to a controller 96 
through a first instruction output portion 110 . The controller 
96 receives the instruction through its input portion 97. A 
control arithmetic operation portion 99 of the controller 96 
drives an inverter circuit 100 by feedback control to operate 
the second servomotor 31 on the basis of the instruction and 
the quantity of rotation detected by the rotation detector 31f 
of the second servomotor 31. The control arithmetic operation 
portion 99 further outputs an instruction from its output portion 
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98 to the first servomotor 50. 

A controller 105 of the first servomotor 50 receives the 
instruction through its input portion 106. A control 
arithmetic operation portion 107 of the controller 105 drives 
an inverter circuit 108 by feedback control to operate the first 
servomotor 50 on the basis of the instruction and the quantity 
of rotation detected by the rotation detector 50b of the first 
servomotor 50. A memory 112 of the controller 105 stores the 
current position when the chuck claw 42 driven by the second 
servomotor 31 holds the work 43. 

An analog signal detected by a magnetic sensor 94 disposed 
opposite to the teeth of the driving gear 35 at a predetermined 
distance and an analog signal detected by a magnetic sensor 
95 disposed opposite to the teeth of the driven gear 61 at a 
predetermined distance are converted into digital data by A/D 
converters 102 and 101 of the high-order controller 109, so 
that the digital data are transmitted to the control portion 
111. The control portion 111 controls 

excitation/non-excitation of the electromagnetic brake 32 
through an input/output portion 103 of the high-order controller 
109 and controls excitation/non-excitation of the 
electromagnetic brake 4 6 through an input/output portion 104. 

A controller 113 of the main shaft motor drives the 
inverter circuit 108 by feedback control to operate the main 
shaft motor on the basis of the instruction given from a control 




arithmetic operation portion 121 to the main shaft motor and 
the quantity of rotation detected by the rotation detector 114 
of the main shaft motor. 

A memory 117 of the controller 113 stores the rotational 
position (obtained from an output of the detector 114) of the 
main shaft in which the respective gears mesh with each other. 

Incidentally, the details of the magnetic sensors 94 and 

b 

n 95 will be described later. 

yjj The operation of the Ninth embodiment will be described 

Q below with reference to Figs. 10 through 15. 

h 

b First, the holding operation in which the work 43 is 

FU finally held by the chuck claw 42 will be described with reference 

!*& 

r 

fU to the flow chart of Fig. 11 in connection with Fig . 2 . Further, 

a 

Pd the operation related to the mesh of the driving gear 35 with 

the gear 60 or 61 will be described with reference to Figs. 
12 through 14. 

That is, in Fig. 11 (showing the operation of the second 
servomotor 31 in the left column and the operation of the first 
servomotor 50 in the right column) , in a state of (a) of Fig. 
2 in which the driving gear 35 meshes neither with the driven 
gear 60 nor with the driven gear 61, first, the electromagnetic 
brake 46 is locked by the control portion 111 of the high-order 
controller 109 (step 1) . The second servomotor 31 and the first 
servomotor 50 are made servo-on by the controllers 96 and 105 
(steps 2a and 2b) . Incidentally, on this occasion, the first 
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servomotor 50, the second servomotor 31 and the main shaft motor 
are in a stop state because there is no instruction inputted 
thereto yet. Then, the gear mesh (step 3a) is performed to 
make the driving gear 35 mesh with the driven gear 61. 

Incidentally, the gear mesh (step 3a) is executed as shown 
in Fig. 12. 

u That is, first, the angles of teeth of the driving gear 

p 35 and the driven gear 61 are detected by the magnetic sensors 

94 and 95 respectively (steps 30a and 30b) . 

yj 

p Incidentally, the magnetic sensor 94 is a magnetic sensor 

s using a magnetic reluctance device and having a sensor face 

a 

pj 94a disposed opposite to teeth of the driving gear 35 at a 

u 

pj predetermined distance as shown in Fig. 13. Incidentally, the 

C3 

pj magnetic sensor 95 also uses a magnetic reluctance device in 

the same manner as the magnetic sensor 94 and has a sensor face 
disposed opposite to teeth of the driven gear 61 at a 
predetermined distance . 

A signal waveform obtained by the magnetic sensor 94 in 
the aforementioned arrangement becomes a signal waveform, as 
represented by 116 in Fig. 14, having peaks when any one of 
the teeth of the driving gear 35 comes near to the magnetic 
sensor 94 and when any of the teeth of the driving gear 35 goes 
away from the magnetic sensor 94. Incidentally, the signal 
waveform 116 is not perfect sine wave but can be regarded as 
sine wave approximately when the sensitivity of the magnetic 
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sensor 94 and the distance between the magnetic sensor 94 and 
the driving gear 35 are taken moderately. 

Accordingly, in Fig. 10, the positions of the teeth of 
the gear can be detected if the analog output 116 of the magnetic 
sensor 94 is digitized by use of the A/D converter 102 and 
interpolation-divided by the controller 111. Incidentally, 

y h the position of the gear is expressed as an angle obtained by 

h 

q inverse sine transformation of sine wave. That is, the gear 

~p position is detected while the angle from the passage of one 

u 

□ gear through the front face 94a of the magnetic sensor to the 

i 

s arrival of the next gear at the front face of the magnetic sensor 

D 

pj 94 is regarded as 360 degrees. As shown in Fig. 14, in the 

nj case of a gear having teeth n in number, this is equivalent 

a 

PJ to a mechanical angle of 360/n degrees. 

Also the magnetic sensor 95 uses a magnetic reluctance 
device for detecting the positions of teeth of the driven gear 
61 in the same manner as described above. The detected data 
are outputted to the control portion 111 of the high-order 
controller 109 through the A/D converters 101 and 102 
respectively. Here, the control portion 111 of the high-order 
controller 109 compares angles of teeth of gears while a value 
in a phase shifted by 180 degrees from the detected angle of 
the gear position of the driven gear 61 is regarded as the 
instructed position of the driving gear 35. 

Specifically, because the magnetic sensor generally 
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outputs two-phase signals having two phases shif tedby 90 degrees 
from each other, the detected angle of the driving gear 35 is 

-• 1 j, j rv ^sin ( V a ~ Off sin ) 

calculated as 8 = tan - — — — — -. 

k cos (v b -Off cos ) 

In the above Expression, 9 is the gear position detection 
angle, tan" 1 is arctangent, k sin and k cos are correction factors 
by which the amplitudes of two signals outputted from the 
magnetic sensor are made coincident with each other, Of f sin and 
Offcos are intermediate voltages (offsets) of the detection 
signals, and V a and V b are voltages detected by the magnetic 
^ pole sensors with the phases shifted by 90°. One of teeth of 

Rj one gear has to come into a portion between adjacent teeth of 

¥ h 

Rj the other gear so that the gears mesh with each other. 

C3 

Rj Accordingly, mesh can be made if a teeth of the driving gear 

35 is located in a position of 0+180 degrees with respect to 
the angle 9 of a teeth of the driven gear 61. 

When the two gears are not located in the mesh position, 
it is necessary to rotate the driving gear 35 with the angle 
of 0 + 180 as an instructed position. The instructed position 
is calculated by the following expression using the number n 
of teeth of the gear. 
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jn . I e + i8o 

(Instructed Position) = 



n 

k ( v -Off ) . . . (Expression 5) 

tan* — a JJan/ +180 

^co/n -off™*) 

n 



The angles of teeth of the gears are detected by the 
aforementioned method and a judgment is made as to whether the 
gears meshes with each other or not (step 31) . If the gears 
are not in the mesh position, the moving instruction position 
is calculated by the aforementioned expression 5 (step 32) . 
Because the electromagnetic brake 32 is in a released state, 
the controller 96 drives the second servomotor 31 to rotate 
the driving gear 35 to the position indicated by the expression 
5 (step 33) . 

After the driving gear 35 is moved to the angle for meshing 
with the driven gear 61, the electromagnetic brake 32 is locked 
by the control portion 111 of the high-order controller 109 
(step 34) . The rotational torque of the second servomotor 31 
is set to be torque required when the feed screw shaft 31c is 
pressed against the step portion of the motor rotary shaft 31a 
(step 35) . Then, the second servomotor 31 is rotatedby velocity 
control (step 36) . On this occasion, the feed screw nut 31c 
thread-engaged with the feed screw shaft 31b, the moving shafts 
31d and 31e and the driving gear 35 move to the second servomotor 
31 side because the electromagnetic brake 32 prevents the feed 
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screw nut 31c, the moving shafts 31d and 31e, and the driving 
gear 35 from making motion in the rotating direction. Because 
the magnetic sensors 94 and 95 make the phase of the driving 
gear 35 and the phase of the driven gear 61 coincident with 
each other as described above, the feed screw nut 31c moves 
to come into contact with the step portion of the motor rotary 
shaft 31a while the teeth of the driving gear 35 mesh with the 
teeth of the driven gear 61 (step 37) . On this occasion, the 



fi 

■ssw 

€ control arithmetic operation portion 99 of the controller 96 

yj 

£3 



monitors whether zero velocity is detected by the detector 31f 
or not (step 38) . When the control arithmetic operation portion 
99 confirms that zero velocity is detected by the detector 31f, 
the control arithmetic operation portion 99 unlock the 
electromagnetic brake 32 (step 39) on the basis of the conclusion 
that the feed screw nut 31c is in contact with the step portion 
of the motor rotary shaft 31a. At this point of time, a state 
of (b) of Fig. 2 is obtained. 

Incidentally, a torque limitation is set with respect 
to the second servomotor 31 in the step 35 to control the torque 
so that torque higher than required is not generated for the 
following reason. That is, if operation is made only by the 
normal position control, there is the possibility that the 
quantity of movement of the feed screw nut 31c may run short 
or excessively so that the second servomotor 31 operates with 
the maximum torque, so that it is necessary that the feed screw 
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nut 31c is pressed against the step portion of the motor rotary 
shaft 31a by appropriate pressure as shown in (b) of Fig. 2. 

The topic will be returned to the description of the flow 
chart shown in Fig. 11. After the gear mesh (step 3a) is executed 
as described above, that is, after the state of (b) of Fig. 
2 is obtained, the second servomotor 31 is rotated continuously. 

As a result, the electromagnetic brake 46 is locked to 
thereby lock the connection nut 62, the electromagnetic brake 
32 is unlocked to thereby make the feed screw nut 31c movable 
in the rotation direction and the feed screw nut 31c comes into 
contact with the step portion of the motor rotary shaft 31a 
so as to be axially immovable. Accordingly, if the second 
servomotor 31 rotates continuously, the feed screw nut 31c 
rotates in that position. With this rotation, the driving gear 
35 fixed to the feed screw nut 31c also rotates to thereby rotate 
the connection screw shaft 59 on which the driven gear 61 meshing 
with the driving gear 35 is provided. Because the connection 
nut 62 is whirl-stopped by the electromagnetic brake 46, the 
connection nut 62 is not dragged with the rotation of the 
connection screw shaft 59 but only the connection screw shaft 
59 rotates so that the reciprocation-to-rotation converting 
means 5 and the rotation-to-reciprocation converting means 11 
connected to the connection screw shaft 59 through the bearing 
24 are moved by position control to positions just before the 
chuck claw 42 holds the work 43 (step 4a) . 



After the reciprocation-to-rotation converting means 5 
and the rotation-to-reciprocation converting means 11 are moved 
to positions just before the chuck claw 42 holds the work 43, 
a torque limitation is set to the second servomotor 31 (step 
5a) . An instruction is outputted from the controller 96 to 
perform an operation (step 7a) until the chuck claw 42 stops 
u while holding the work 43 under the set pressure by low velocity 

§ speed control (step 6a) , that is, until the detector 31f detects 

j: 

yj zero velocity, 

UJ 

q Incidentally, the required time for executing steps 6a 

^3 

s and 7a is short, because the chuck nail 42 is moved to a position 

es 

PJ immediately before the work holding m step 4a. 

|sS5S 

fy Further, when the work holding due to the drive of the 

HJ moving means 92 (the drive of the second servomotor 31) is 

executed by simple position control, the work size may vary 
as follows. When, for example, the work size is larger than 
the designed value, the chuck claw 42 is urged to be operated 
excessively to thereby apply a high load onto the driving means 
30 of the moving means 92. On the contrary, when the work size 
is smaller, the work is held imperfectly. The variation in 
the work size, however, can be taken into consideration by the 
manipulation in the steps 4a to 7a so that the chuck claw 42 
can be moved to the work-holding position rapidly. 

At the time of the operation of the steps 4a to 7a, the 
first servomotor 50 is operated to follow the second servomotor 
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31. That is, the quantity of movement of the moving means 92 
calculated on the basis of data of the detector 31f by the 
controller 96 is inputted as an instruction of the first 
servomotor 50 to the controller 105 from the controller 96, 
so that the controller 105 operates to control the position 
of the first servomotor 50 on the basis of the instruction (step 
3b) . 

Incidentally, the reason why the first servomotor 50 is 
operated to follow the second servomotor 31 at the time of the 
operation of the step 4a to 7a is as follows. As described 
above also in First embodiment, the rotation-to-reciprocation 
converting means 11 is connected to the connection screw shaft 
59 through the bearing 24. The reciprocation-to-rotation 
converting means 5 is connected to the 

rotation-to-reciprocation converting means 11 through the 
first nut 7 and the first screw shaft 6. The reciprocating 
means 58 is connected to the reciprocation-to-rotation 
converting means 5 through the bearing 21. Configuration is 
made so that the first servomotor 50, or the like, of the 
reciprocating means 58 is axially immovable and so that the 
third screw shaft 54 is axially immovable if the third nut 53 
is not rotated. 

Hence, when the first servomotor 50 is operated to follow 
the second servomotor 31, the movement of the connection screw 
shaft 59 can be absorbed between the third nut 53 and the third 



screw shaft 54. As a result, the rotation-to-reciprocation 
converting means 11, the reciprocation-to-rotation converting 
means 5 and the third screw shaft 54 of the reciprocating means 
58 integrally move left in the drawing by a distance 
substantially equal to the moving distance of the connection 
screw shaft 59. 

Incidentally, when the first servomotor 50 is driven, 
the motor rotary shaft 50a is rotated with predetermined torque. 
The torque is transferred to the gear 52 through the gear 51 
fixed to the motor rotary shaft 50a to thereby rotate the third 
nut 53 to which the gear 52 is fixed. Because the third screw 
shaft 54 thread-engaged with the third nut 53 is whirl-stopped 
relative to the frame 47 by the linear guide 56, the third screw 
shaft 54 is not dragged with the third nut 53 but makes 
reciprocating motion. 

On this occasion, the controller 96 inputs the data 
detectedby the detector 31f . The control arithmetic operation 
portion 99 calculates the quantity of movement of the moving 
means 92 on the basis of the input detected data . The calculated 
value is outputted as an instruction to the controller 105. 
In the aforementioned relation, the first servomotor 50 operates 
the leading edge's time late after the second servomotor 31 
operates. This delay reduces the quantity of movement of the 
reciprocating portion of the rotation-to-reciprocation 
converting means 11 correspondingly to the delay time through 
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the reciprocation-to-rotation converting means 5 and the 
rotation-to-reciprocation converting means 11 . The reduction 
of the quantity of movement, however, may be ignored in terms 
of operation because the reduction through the 
reciprocation-to-rotation converting means 5 or the like is 
very small and because the delay is recovered when the moving 

L.iL means 92 stops finally. 

Li 

P After the operation (118 in the dotted line in Fig. 11) 

sjss 

y3 in the second operation mode in which the second servomotor 

yj 

p 31 (and the first servomotor 50) is operated to move the 

y3 

s rotation-to-reciprocation converting means 11, the 

£3 

PJ reciprocation-to-rotation converting means 5 and the third 

r 

flj screw shaft 54 of the reciprocating means 58, the drive of the 

W moving means 92 (the drive of the second servomotor 31) to move 

the reciprocation-to-rotation converting means 5 and the 
rotation-to-reciprocation converting means 11 becomes 
unnecessary. Hence, the torque limitation on the second 
servomotor 31 is released (step 8a) and the electromagnetic 
brake 32 is unlocked (step 9a) . 

On the other hand, after the detector 31f detects zero 
velocity in the step 7a, the controller 105 performs an operation 
(119 in the dotted line frame in Fig. 11) in a so-called first 
operation mode in which the rotational torque of the first 
servomotor 50 is converted into predetermined axial thrust force 
by the rotation-to-reciprocation converting means 11, the 
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reciprocation-to-rotation converting means 5, or the like, on 
the basis of the instruction given from the high-order controller 
109 through the controller 96. 

That is, the current position (the position where the 
chuck claw 42 holds the work 43 under the predetermined pressure 
by the drive of the second servomotor 31) transmitted to the 
controller 105 through the controller 96 is recorded as a record 
position (1) in the memory 112 contained in the controller 105 
(step 4b) . The required torque limitation is set on the holding 
force of the chuck claw 42 calculated by the expressions 1 to 
4 (step 5b) . Then, the first servomotor 50 is operated by a 
velocity-control operation (step 6b) to thereby generate the 
set holding force in the chuck claw 42. Incidentally, a 
torque-control operation may be made in the step 6b. When the 
detector 50b detects zero velocity (step 7b), the torque 
limitation on the first servomotor 50 is released (step 9b) 
and the first servomotor 50 is made servo-on (step 9b) . 

As a result, the thrust converter is in a state of (c) 
of Fig. 2. 

On the other hand, as described above, after the work 
43 is held by the chuck claw 42 with predetermined torque, the 
second servomotor 31 is operated (rotated in a direction reverse 
to that for the holding operation) in the condition that the 
electromagnetic brake 32 is locked (step 9a) to lock the moving 
shaft 31e. With the rotation of the motor rotary shaft 31a, 



• 



the feed screw shaft 31b also rotates. As a result, the feed 
screw nut 31c, or the like, thread-engaged with the feed screw 
shaft 31b moves axially toward the side reverse to the load 
side (in the direction of the second servomotor) . 

The driving gear 35 fixed on the feed screw nut 31c also 
moves together from the state of (c) of Fig. 2 to a state of 
(d) of Fig. 2, that is, to a state in which the first driving 
gear 35 meshes neither with the gear 60 nor with the gear 61 



(step 10a) . When the state of (d) of Fig. 2 is obtained, the 



and the electromagnetic brake 32 is unlocked (step 12a) . 



Finally, the electromagnetic brake 46 is unlocked (step 



Incidentally, the reason why the work is worked in the 
state of (d) of Fig. 2 is to prevent noise from being caused 
by the gear mesh and to prevent increase in load or the like 
from being imposed on the main shaft motor because of the 
unnecessary rotation of the driving gear 35 or the like for 
working of a work. 

As a result, the thrust converter is in a state of (d) 
of Fig. 2. 

Incidentally, the connection nut 62 is locked in the 
rotation direction relative to the pull rod 23 by the action 
of the second linear guide 14. At the time of working, the 
connection nut 62 rotates together with the pull rod 23 which 



second servomotor 31 is made servo-of f (step 11a) to be stopped 




13) . 
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is driven to rotate by the main shaft motor. Accordingly, the 
electromagnetic brake 46 provided for fixing the connection 
nut 62 at the time of opening/closing the chuck as described 
above can be used as a main shaft brake in addition to force 
for reducing the velocity of the main shaft motor when the 
rotational velocity of the main shaft is reduced. 

The operation of opening the chuck claw 42 will be 
described below on the basis of the flow chart of Fig. 15. 
Incidentally, in Fig. 15, the left column shows the operation 
of the second servomotor 31 and the right column shows the 
operation of the first servomotor 50. 

That is, first, while the electromagnetic brake 46 is 
locked to lock the connection nut 62, the first servomotor 50 
is made servo-on (step 41a) . The control arithmetic operation 
portion 107 reads the record position (1) recorded in the memory 
112 and performs an operation of controlling the position to 
the record position (1) (rotates the motor rotary shaft 50a 
in a direction reverse to that for the holding operation) (step 
42a) to thereby loosen the chuck claw 42. 

The second servomotor 31 is also made servo-on (step 41) 
and the mesh of the driving gear 35 with the gear 60 is executed 
(step 42) to thereby obtain a state of (e) of Fig. 2 (in which 
the step portion of the moving shaft 31d comes into contact 
with the inner race of the bearing 33) . 

Incidentally, the gear mesh operation is as described 
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with reference to the flow chart of Fig. 12. 

Then, the second servomotor 31 is continuously operated 
to control the position (step 43) . As a result, the step portion 
of the moving shaft 31d comes into contact with the inner race 
of the bearing 33 so that the feed screw shaft 31c integrated 
with the moving shaft 31d is axially immovable but rotatable 
fea, in the rotation direction. Accordingly, the feed screw nut 

q 31c rotates in this position. Along with this rotation, the 

yl driving gear, the driving gear 35 rotates to thereby rotate 

yi 

C3 the connection screw shaft 59 on which the gear 60 driven by 

£ the driving gear 35 is provided. Because the connection nut 

C3 

RJ 62 is whirl-stopped by the electromagnetic brake 4 6, the 

H 

Pj connection nut 62 is not dragged with the rotation of the 

£3 

i j J connection screw shaft 59 but only the connection screw shaft 

59 rotationally moves right in the drawing up to a state of 
(f) of Fig. 2. 

On this occasion, the rotation-to-reciprocation 
converting means 11 is connected to the connection screw shaft 
59 through the bearing 24. The reciprocation-to-rotation 
converting means 5 is connected to the 

rotation-to-reciprocation converting means 11 through the 
first nut 7 and the first screw, shaft 6. The reciprocating 
means 58 is connected to the reciprocation-to-rotation 
converting means 5 through the bearing 21. Configuration is 
made so that the first servomotor 50, or the like, of the 
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reciprocating means 58 is axially immovable and so that the 
third screw shaft 54 is axially immovable if the third nut 53 
is not rotated. Therefore, the first servomotor 50 is operated 
in synchronism with the second servomotor 31 (operated 
synchronously in a direction in which the third screw shaft 
54 can move right in the drawing) (step 43a) . Incidentally, 
on this occasion, the quantity of movement of the moving means 

□ 

□ 92 calculated on the basis of the data of the detector 31f by 

tO the controller 96 is outputted as an instruction from the 



•F'~s 

PJ 



controller 96 to the controller 105. The first servomotor 50 
is operated to control the position in accordance with the 
instruction . 



W As a result, the third nut 53 rotates with the operation 

C3 

W of the first servomotor 50. The movement of the connection 

screw shaft 59 can be absorbed between the third nut 53 and 
the third screw shaft 54. The rotation-to-reciprocation 
converting means 11, the reciprocation-to-rotation converting 
means 5 and the third screw shaft 54 of the reciprocating means 
58 integrally move right in the drawing by a distance 
substantially equal to the moving distance of the connection 
screw shaft 59. 

Incidentally, as described above, on this occasion, the 
connection screw shaft 59 is rotatably supported by the bearing 
24 and the first servomotor 50 is operated in synchronism with 
the second servomotor 31 of the driving means 30 to rotate the 



- 95 - 



b 

i 



ru 

P 



third nut 53 so that the movement of the connection screw shaft 
59 is absorbed between the third nut 53 and the third screw 
shaft 54. Hence, the first nut 7 moves axially toward the load 
side (right in the drawing) without rotation. Along with the 
movement of the rotation-to-reciprocation converting means 11, 
the pull rod 23 and the draw bar 91 move axially toward the 
load side. The axial operation of the pull rod 23 and the draw 
bar 91 is converted into the radial operation of the chuck claw 

42 by the operation converting mechanism 41, so that the work 

43 is released from the chuck claw 42. 

Also on this occasion, the controller 96 inputs the data 
detectedby the detector 31f . The control arithmetic operation 
portion 99 calculates the quantity of movement of the moving 
means 92 on the basis of the input detected data . The calculated 
value is outputted as an instruction to the controller 105. 
In the aforementioned relation, the first servomotor 50 operates 
the leading edge's time later after the second servomotor 31 
operates. This delay reduces the quantity of movement of the 
reciprocating portion of the rotation-to-reciprocation 
converting means 11 correspondingly to the delay time through 
the reciprocation-to-rotation converting means 5 and the 
rotation-to-reciprocation converting means 11 . The reduction 
of the quantity of movement, however, can be ignored in terms 
of operation because the reduction through the 
reciprocation-to-rotation converting means 5 or the like is 
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very small and because the delay is recovered when the moving 
means 92 stops finally. 

After a new work 43 is set, the electromagnetic brake 
32 is locked and the second servomotor 31 is rotated to return 
to the state of (a) of Fig. 2. Then, the operation in (b) to 
(f) of Fig. 2 is repeated. 
Tenth embodiment 

Tenth embodiment for carrying out the present invention 
will be described below with reference to Figs. 16 and 17. 

Incidentally, this embodiment relates to a controller 
for operating the thrust converter having the configuration 
described in Second embodiment (Figs. 3 and 4) . Fig. 16 is 
a flow chart for explaining the holding operation until the 
work 43 is held by the chuck claw 42. Fig. 17 is a flow chart 
for explaining the operation related to themesh among respective 
gears . 

The thrust converter described in Second embodiment and 
controlled by the controller in this Eleventh embodiment is 
equipped with a second driving gear 38 and second driven gears 
39 and 40 instead of the electromagnetic brake 46 in First 
embodiment . The difference in rotational velocity is generated 
between the first driven gear 36 or 37 and the second driven 
gear 39 or 40 on the basis of the difference in the number of 
teeth between the first driving gear 35 and the second driving 
gear 38 to thereby operate the connection screw shaft 17 . Hence, 
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when, for example, the gears separated from each other as shown 
in (d) of Fig. 4 are to be connected to each other again as 
shown in (e) of Fig. 4, the connection of the first driving 
gear 35 to the first driven gear 36 or 37 and the connection 
of the second driving gear 38 to the second driven gear 39 or 
40 cannot be made simultaneously if the respective gears are 
«. not located in specific positions respectively. Although it 

55 may be therefore conceived that, for such connections, the 

Jj3 magnetic sensors as described in Tenth embodiment are used for 

I : i 

Q detecting the positions of teeth of the gears to thereby perform 

g rotational control of the positions of teeth of the gears to 

£3 

fy connect the gears to one another, considerably complex control 

f!j is required for simultaneously connecting a large number gears 

fU different in the number of teeth. 

Therefore, the controller according to this Tenth 
embodiment is devised to be provided as a controller in which 
the respective gears can be connected to one another 
simultaneously by simple control without using any magnetic 
sensor. Incidentally, the configuration of the controller is 
equivalent to the configuration described in Ninth embodiment 
with reference to Fig. 10 except the magnetic sensors 94 and 
95 and the A/D converters 101 and 102 for converting the analog 
signals of the magnetic sensors 94 and 95 into digital signals 
to input the digital signals into the high-order controller 
109 are removed. 
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The operation of the Tenth embodiment will be described 
below with reference to Figs, 16 and 17. 

That is, first, the holding operation in which the work 
43 is finally held by the chuck claw 42 will be described with 
reference to the flow chart of Fig. 16 in connection with Fig, 
4 . Further, the operation related to the mesh of the respective 
gears will be described with reference to Fig. 17. 

Incidentally, the thrust converter is shipped in a state 

'v 

]r i n which the first and second driving gear 35 and 38 mesh with 

%i the first and second driven gears 36 and 39 respectively (in 

f~ a state of (b) of Fig. 4) or in a state in which the first and 

£3 

m second driving gears 35 and 38 mesh with the first and second 

fjj driven gears 37 and 40 respectively (in a state of (f) of Fig. 

C3 

fjj 4) . Hence, the thrust converter initially runs from the state 

of (b) of Fig. 4 or from the state of (f) of Fig. 4. The following 
description of the operation will be made upon the operation 
after the initial running. 

That is, in Fig. 16 (showing the operation of the second 
servomotor 31 in the left column and the operation of the first 
servomotor 20 in the right column), in a state of (a) of Fig. 
4 in which the first driving gear 35 does not mesh with the 
first driven gear 36 and the second driving gear 38 does not 
mesh with the second driven gear 39, first, the second servomotor 
31 and the first servomotor 20 are made servo-on by the 
controllers 96 and 105 (steps 51a and 51b) . Incidentally, on 



_ 99 - 



this occasion, the first servomotor 20, the second servomotor 
31 and the main shaft motor are in a stop state because no 
instruction is inputted to the first servomotor 20, the second 
servomotor 31, and the main shaft motor yet. Then, the gear 
mesh (step 52a) is executed to make the mesh of the first driving 
gear 35 with the first driven gear 36 and the mesh of the second 
driving gear 38 with the second driven gear 39 simultaneously. 

Incidentally, the gear mesh (step 52a) is executed as 
shown in Fig. 17. 

That is, in order to perform the mesh of the first driving 
gear 35 with the first driven gear 36 and the mesh of the second 
driving gear 38 with the second driven gear 39 simultaneously, 
it is necessary to return the angles of the first and second 
driving gears 35 and 38 and the first and second driven gears 
36 and 39 to angles in a moment that the gears 35, 38 and 36, 
39 are separated from the previous connection state. To prepare 
the gear mesh in this relation, the main shaft rotational 
position (2) in the moment that the gears are separated is stored 
in the memory 117 of the main shaft motor controller 113 (step 
58a in Fig. 16) . Further, during the separation of the gears, 
the electromagnetic brake 32 is locked to prevent the first 
and second driving gears 35 and 38 from rotating (step 59a in 
Fig. 16) . 

Hence, the main shaft rotational position (2) which is 
obtained in the moment that the gears are separated from each 
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other and which is stored in the memory 117 in the step 58a 
in Fig. 16 is read by the control arithmetic operation portion 
116 and the main shaft motor is driven toward the main shaft 
rotational position (2) by the controller 113 to thereby rotate 
the first and second driven gears 36, 37 and 39, 40 rotating 
integrally with the main shaft motor (step 71) . As a result, 
the first driving gear 35, the first driven gear 36 (or 37), 
the second driving gear 38 and the second driven gear 39 (or 
40) are located in positions where the mesh of the first driving 
gear 35 with the first driven gear 36 (or 37) and the mesh of 
the second driving gear 38 with the second driven gear 39 (or 
40) can be made simultaneously. 

Incidentally, the first driven gears 36 and 37 and the 
second driven gears 39 and 40 rotate in synchronism with the 
main shaft through the pull rod 23, the second linear guide 
14 and the connection means 18. As described in Second 
embodiment, the first driven gears 36 and 37 and the second 
driven gears 39 and 40 are not rotated relatively by resistance 
given from the work 43 because the connection screw 17 is 
self-locked with negative efficiency. Accordingly, when the 
rotation angle of the main shaft is adjusted to the angle in 
the moment when the gears are separated, the teeth of the first 
and second driven gears 36, 37 and 39, 40 can be rotated to 
the angles allowed to mesh with first and second driving gears 
35 and 38. 
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Then, a torque limitation of the second servomotor 31 
required for pressing the step portion of the moving shaft 31d 
against the inner race of the bearing 33 is set (step 72) . Then, 
the second servomotor 31 is rotated by velocity control (step 
73) . On this occasion, the feed screw nut 31c thread-engaged 
with the feed screw shaft 31b, the moving shafts 31d and 31e 
^ and the first and second driving gears 35 and 38 move away from 

p the second servomotor 31 because motion of the nut 31c, the 

J shafts 31dand31eandthegears 35and38 in the rotating direction 

Q 

p is stopped by the electromagnetic brake 32. Because the phase 

£ 

» of the first driving gear 35 is made coincident with the phase 

fjj of the first driven gear 36 and the phase of the second driving 

FU gear 38 is made coincident with the second driven gear 39 as 

b 

FU described above, the step portion of the moving shaft 31d moves 

to come into contact with the inner race of the bearing 33 while 
the first driving gear 35 meshes with the first driven gear 
36 and the second driving gear 38 meshes with the second driven 
gear 39 (step 74) . Further, the control arithmetic operation 
portion 99 of the controller 96 monitors whether zero velocity 
is detected by the detector 31f or not (step 75) . When the 
control arithmetic operation portion 99 confirms that zero 
velocity is detectedby the detector 31f , the control arithmetic 
operation portion 99 unlocks the electromagnetic brake 32 (step 
76) on the basis of the conclusion that the step portion of 
the moving shaft 31d is in contact with the inner race of the 
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bearing 33. Thus, the simultaneous mesh of the two pairs of 
gears is terminated. At this point of time, a state of (b) 
of Fig. 4 is obtained. 

Incidentally, a torque limitation is set on the second 
servomotor 31 in the step 72 to control the torque so that torque 
higher than required is not generated for the following reason. 

i u That is, if operation is made only by the normal position control, 

ri 

m there is the possibility that the quantity of movement of the 

■ h moving shaft 31dmay run short or excessively so that the second 

h i 

p servomotor 31 operates with the maximum torque, so that it is 

e necessary that the step portion of themoving shaft 31dispressed 

C3 

fjj against the inner race of the bearing 33 by appropriate pressure 

fy as shown in (b) of Fig. 4. 

□ 

fLJ The topic will be returned to the description of the flow 

chart shown in Fig. 16. After the gear mesh (step 52a) is 
executed as described above, that is, after the state of (b) 
of Fig. 4 is obtained, the second servomotor 31 is rotated 
continuously. 

As a result, electromagnetic brake 32 is released so that 
the moving shaft 31d can move in the rotation direction by the 
release of the electromagnetic brake 32, and the step portion 
of the moving shaft 31d comes into contact with the inner race 
of the bearing 33 so as to be axially immovable. Accordingly, 
if the second servomotor 31 rotates continuously, the moving 
shaft 31d, the feed screw nut 31c, or the like, rotate in their 
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positions. Along with this rotation, the first and second 
driving gears 35 and 38 fixed to the moving shaft 31d rotate 
to thereby rotate the connection screw shaft 17 and the 
connection nut 16 on which the first and second driven gears 
3 6 and 39 driven by the first and second driving gears 35 and 

38 are provided respectively. 

Incidentally, on this occasion, as described above, the 
first driving gear 35 and the second driving gear 38 are formed 
to have different numbers of teeth. The numbers of teeth in 
the first driven gears 36 and 37 and the second driven gears 

39 and 40 are set so that the rotational velocity Na of the 
connection screw shaft 17 rotated by the first driving gear 
35 and the rotational velocityNb of the connection nut 16 rotated 
by the second driving gear 38 satisfy the relation Na > Nb. 
In this relation, the connection screw shaft 17 and the 
connection nut 16 are different from each other in rotational 
velocity. Hence, the connection screw shaft 17 rotationally 
moves toward the side reverse to the load side by the differential 
motion, so that the reciprocation-to-rotation converting means 
5 and the rotation-to-reciprocation converting means 11 
connected to the connection screw shaft 59 through the bearing 
24 are moved to positions just before the chuck claw 42 holds 
the work 43 (step 53a) . 

After the reciprocation-to-rotation converting means 5 
and the rotation-to-reciprocation converting means 11 are moved 



to positions just before the chuck claw 42 holds the work 43, 
a torque limitation is set on the second servomotor 31 (step 
54a) . An instruction is output from the controller 96 to perform 
an operation (step 56a) until the chuck claw 42 stops while 
holding the work 43 under the set pressure by low velocity speed 
control (step 55a), that is, until the detector 31f detects 
^ s zero velocity. 

Incidentally, because the chuck claw 42 is moved to the 
% position just before the work holding in step 53a, the steps 

55a and 56a can be executed in a short time even if the moving 
velocity is set to be low. 

Further, when the work holding performed by the drive 
of the moving means 92 (the drive of the second servomotor 31) 
is executed by simple position control, the work size may vary 
as follows. When, for example, the work size is larger than 
the designed value, the chuck claw 42 is urged to be operated 
excessively to thereby impose a high load onto the driving means 
30 of the moving means 92. On the contrary, when the work size 
is smaller, the work is held imperfectly. The variation in 
the work size, however, can be taken into consideration by the 
manipulation in the steps 53a to 56a so that the chuck claw 
42 can be moved to the work-holding position rapidly. 

At the time of the operation in the steps 53a to 56a, 
the first servomotor 20 is operated to follow the second 
servomotor 31. On this occasion, the quantity of movement of 
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themovingmeans 92 calculated on thebasis of data of the detector 
31f by the controller 96 is inputted as an instruction of the 
first servomotor 20 to the controller 105 from the controller 
96, so that the controller 105 operates to control the position 
of the first servomotor 20 on the basis of the instruction (step 
52b) . 

Incidentally, the reason why the first servomotor 20 is 
C3 operated to follow the second servomotor 31 at the time of the 

operation in the step 53a to 56a is as follows. As described 
above also in Second embodiment, the rotation-to-reciprocation 
converting means 11 is connected to the connection screw shaft 
17 through the bearing 24. The reciprocation-to-rotation 
converting means 5 is connected to the 

rotation-to-reciprocation converting means 11 through the 
first nut 7 and the first screw shaft 6. The reciprocating 
means 1 is connected to the reciprocation-to-rotation 
converting means 5 through the bearing 21. Configuration is 
made so that the first servomotor 20, or the like, of the 
reciprocating means 1 is axially immovable and so that the third 
screw shaft 3 is axially immovable if the third nut 2 is not 
rotated. 

Hence, when the first servomotor 20 is operated to follow 
the second servomotor 31, the movement of the connection screw 
shaft 17 can be absorbed between the third nut 2 and the third 
screw shaft 3. As a result, the rotation-to-reciprocation 
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converting means 11, the reciprocation-to-rotation converting 
means 5 and the third screw shaft 3 of the reciprocating means 
1 integrally move left in the direction by a distance 
substantially equal to the moving distance of the connection 
screw shaft 17 . 

Incidentally, when the first servomotor 20 is driven, 
the motor rotary shaft 20a is rotated with predetermined torque . 
The torque rotates the third nut 2 fixed to the motor rotary 



shaft 20a. Because the third screw shaft 3 thread-engaged with 

42 



the third nut 2 is whirl-stopped relative to the frame 20b by 
the linear guide 4, the third screw shaft 3 is not dragged with 
the third nut 2 but makes reciprocating motion. 

On this occasion, the controller 96 inputs the data 



m 
p 

fTi detectedby the detector 31f . The control arithmetic operation 



portion 99 calculates the quantity of movement of the moving 
means 92 on the basis of the input detected data . The calculated 
value is outputted as an instruction to the controller 105. 
In the aforementioned relation, the first servomotor 20 operates 
the leading edge's time later after the second servomotor 31 
operates. This delay reduces the quantity of movement of the 
reciprocating portion of the rotation-to-reciprocation 
converting means 11 correspondingly to the delay time through 
the reciprocation-to-rotation converting means 5 and the 
rotation-to-reciprocation converting means 1 1 . The reduction 
of the quantity of movement, however, may be ignored in terms 
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of operation because the reduction through the 
reciprocation-to-rotation converting means 5 or the like is 
very small and because the delay is recovered when the moving 
means 92 stops finally. 

After the operation (118 in the dotted line in Fig. 16) 
in the second operation mode in which the second servomotor 
31 (and the first servomotor 20) is operated to move the 
c ^ rotation-to-reciprocation converting means 11, the 

■J" reciprocation-to-rotation converting means 5 and the third 

-42 

\i screw shaft 3 of the reciprocating means 58, the drive of the 

y ^ moving means 92 (the drive of the second servomotor 31) to move 

the reciprocation-to-rotation converting means 5 and the 
rotation-to-reciprocation converting means 11 becomes 
unnecessary. Hence, the torque limitation on the second 
servomotor 31 is released (step 57a) . 

Further, the main shaft rotational position (2) on this 
occasion is acquired from the rotation detector 114 and stored 
in the memory 117 (step 58a) and the electromagnetic brake 32 
is locked (step 59a) . 

On the other hand, after the detector 31f detects zero 
velocity in the step 56a, the controller 105 performs an 
operation (119 in the dotted line frame in Fig. 16) in a so-called 
first operation mode in which the rotational torque of the first 
servomotor 20 is converted into predetermined axial thrust force 
by the rotation-to-reciprocation converting means 11, the 



P 
Pi 
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reciprocation-to-rotation converting means 5, or the like, on 
the basis of the instruction given from the high-order controller 
109 through the controller 96. 

That is, the current position (the position where the 
chuck claw 42 holds the work 43 under the predetermined pressure 
by the drive of the second servomotor 31) transmitted to the 
controller 105 through the controller 96 is recorded as a record 
position (1) in the memory 112 contained in the controller 105 
(step 53b) . The required torque limitation is set on the holding 
force of the chuck claw 42 calculated by the expressions 1 to 
4 (step 54b) . Then, the first servomotor 20 is operated by 
a velocity-control operation (step 55b) to thereby generate 
the holding force set for the chuck claw 42. Incidentally, 
a torque-control operation may be made in the step 55b. When 
the detector 20c detects zero velocity (step 56b) , the torque 
limitation on the first servomotor 20 is released (step 57b) 
and the first servomotor 20 is made servo-on (step 58b) . 

As a result, the thrust converter gets in a state of (c) 
of Fig. 4. 

On the other hand, as described above, after the work 
43 is held by the chuck claw 42 with predetermined torque, the 
main shaft rotational position (2) (obtained by the detector 
114) where the respective gears mesh with each other is stored 
in the memory 117 through the control arithmetic operation 
portion 121 (step 58a) . The second servomotor 31 is operated 
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( rotated in a direction reverse to that in the holding operation) 
by position control in the condition that the electromagnetic 
brake 32 is locked (step 59a) to restrict the moving shaft 31e. 
With the rotation of the motor rotary shaft 31a, the feed screw 
shaft 31b also rotates . As a result, the feed screw nut 31c 
thread-engaged with the feed screw shaft 31b, the moving shaft 
31e, or the like, move toward the second servomotor 31. 

The first driving gear 35 fixed to the feed screw nut 
31c and the second driving gear 38 fixed to the moving shaft 
31e also move together from the state of (c) of Fig. 2 to a 
state of (d) of Fig. 2, that is, to a state in which the first 
driving gear 35 meshes neither with the first driven gear 36 
nor with the first driven gear 37 and the second driving gear 
38 meshes neither with the second driven gear 39 nor with the 
second driven gear 40 (step 60a) . When the state of (d) of 
Fig. 4 is obtained, the second servomotor 31 is made servo-off 
to be stopped (step 61a) . 

Incidentally, the reason why the work is worked in the 
state of (d) of Fig. 4 is to prevent noise from being caused 
by the gear mesh and to prevent increase in load or the like 
from being imposed on the main shaft motor because of the 
unnecessary rotation of the driving gear 35, or the like, for 
working the work. 

As a result, the thrust converter is in the state of (d) 
of Fig. 2. 
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Incidentally, the operation of opening the chuck claw 
42 is performed in the same manner as that in the flow chart 
described in Ninth embodiment and shown in Fig. 15 . The details 
of the description of the operation will be omitted. 
Eleventh embodiment 

Eleventh embodiment will be described below with 
La reference to Figs. 18 through 23. 

p Incidentally, this embodiment relates to a controller 

==SJ 

,h for operating the thrust converter having the configuration 

U 

£3 described in Fifth embodiment (Fig. 7) . Fig. 18 is a view showing 

42 

3 the configuration of the controller. Fig. 19 is a flow chart 

rl 

pj for explaining the holding operation in which the work 43 is 

fy finally held by the chuck claw 42. Fig. 20 is a flow chart 

Asm 

PJ for explaining the operation of releasing the work 43 held by 

the chuck claw42 . Fig. 21 is a configuration view for explaining 
the operation of the thrust converter. Fig. 22 is a 
configuration view for explaining the origin-restoring 
operation in the case where the thrust converter is applied 
to a chucking machine for a lathe. Fig. 23 is a flow chart 
for explaining the origin-restoring operation. 

That is, in Fig. 18, the controller 96 of the feed 
servomotor 69 inputs an instruction outputted from the first 
instruction output portion 110 of the high-order controller 
109 to the control arithmetic operation portion 99 through an 
input portion 97. The control arithmetic operation portion 
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99 drives the inverter circuit 100 by feedback control on the 
basis of the instruction and the quantity of rotation detected 
by the rotation detector 55 of the feed servomotor 69 to thereby 
operate the feed servomotor 69, 

On the other hand, the controller 105 of the first 
servomotor 50 inputs an instruction outputted from the second 
instruction output portion 110a of the high-order controller 
109, to the control arithmetic operation portion 107 through 
the input portion 106, The control arithmetic operation 
portion 107 drives the inverter circuit 108 by feedback control 
on the basis of the instruction and the quantity of rotation 
detected by the rotation detector 50c of the first servomotor 
50 to thereby operate the first servomotor 50. The memory 112 
of the controller 105 stores the current position when the chuck 
claw 42 holds the work 43 by the drive of the second servomotor 
69. 

The high-order controller 109 further controls 
excitation/non-excitation of the electromagnetic brake 46 
through the input/output portion 103. 

The operation of the thrust converter in Eleventh 
embodiment will be described below with reference to Figs. 19 
and 20. 

First, the holding operation in which the work 43 is 
finally held by the chuck claw 42 will be described with reference 
to the flow chart of Fig. 19. 
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That is, in Fig. 19 (showing the operation of the feed 
servomotor 69 in the left column and the operation of the first 
servomotor 50 in the right column) , first the electromagnetic 
brake 46 is locked by the control portion 111 of the high-order 
controller 109 (step 81) . The feed servomotor 69 and the first 
servomotor 50 are made servo-on by the controllers 96 and 105 
(steps 82a and 82b) . Incidentally, on this occasion, the first 
servomotor 50, the feed servomotor 69 and the main shaft motor 
are in a stop state because no instruction is inputted thereto 
yet • 

Then, an instruction is inputted from the high-order 
controller 109 to the controller 96 to drive the feed servomotor 
69. 

As a result, the connection screw shaft 71 is rotated 
because the connection nut 62 is restricted by excitation of 
the electromagnetic brake 46. Because the connection nut 62 
is whirl-stoppedby the electromagneticbrake 46, the connection 
nut 62 is not dragged with the rotation of the connection screw 
shaft 71 but only the connection screw shaft 71 rotates so that 
the reciprocation-to-rotation converting means 5 and the 
rotation-to-reciprocation converting means 11 connected to the 
connection screw shaft 71 through the bearing 24 are moved by 
position control to positions just before the chuck claw 42 
holds the work 43 (step 83a) . 

After the reciprocation-to-rotation converting means 5 



and the rotation-to-reciprocation converting means 11 are moved 
to positions just before the chuck claw 42 holds the work 43, 
a torque limitation is set on the feed servomotor 69 (step 84a) . 
An instruction is outputted from the controller 96 to perform 
an operation (step 86a) until the chuck claw 42 stops while 
holding the work 43 under the set pressure by low velocity speed 
control (step 85a) , that is, until the detector 55 detects zero 
velocity. 

Incidentally, the require d time for executing the steps 
85a and 8 6a can be short because the chuck claw 42 is moved 
to the position just before the work holding in the step 83a. 

When the work holding perf omed by the drive of the moving 
means 92 (the drive of the feed servomotor 69) is executed by 
simple position control, the work size may vary as follows. 
When, for example, the work size is larger than the designed 
value, the chuck claw 42 is urged to be operated excessively 
to thereby impose a high load onto the driving means 30 of the 
moving means 92 . On the contrary, when the work size is smaller, 
the work is held imperfectly. The variation in the work size, 
however, can be taken into consideration by the manipulation 
in the steps 83a to 8 6a so that the chuck claw 42 can be moved 
to the work-holding position rapidly. 

At the time of the operation in the steps 83a to 86a, 
the high-order controller 109 outputs an instruction to the 
controller 105 to operate the first servomotor 50 in synchronism 



with the feed servomotor 69 to thereby operate the first 
servomotor 50 to control the position of the first servomotor 
50 with the quantity of movement of the moving means 92 as the 
instruction (step 83b) . That is, the high-order controller 
109 inputs the data detected by the detector 55 through the 
input/output portion 103. The quantity of movement of the 
moving means 92 is calculated by the control portion 111 on 

C3 the basis of the input detected data. The calculated value 

C3 

4= is outputted as an instruction to the controller 105 to thereby 

y operate the first servomotor 50 to control the position in 

^ accordance with the instruction. 

s 

f 1 

Incidentally, the reason why the first servomotor 50 is 

§y 

Ui operated to follow the feed servomotor 69 at the time of the 

Pi 

51 operation in the step 83a to 86a is as follows. As described 

above also in Second embodiment or the like, the 
rotation-to-reciprocation converting means 11 is connected to 
the connection screw shaft 71 through the bearing 24. The 
reciprocation-to-rotation converting means 5 is connected to 
the rotation-to-reciprocation converting means 11 through the 
first nut 7 and the first screw shaft 6. The reciprocating 
means 68 is connected to the reciprocation-to-rotation 
converting means 5 through the bearing 21. Configuration is 
made so that the first servomotor 50, or the like, of the 
reciprocating means 68 is axially immovable and so that the 
third nut 64 connected to the reciprocating portion 67 through 
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the reciprocating thrust transfer plate 66 and the flexible 
coupling 93 is axially immovable if the third screw shaft 65 
is not rotated. 

Hence, when the first servomotor 50 is operated to follow 
the feed servomotor 69, the movement of the connection screw 
shaft 71 can be absorbed between the third nut 64 and the third 
screw shaft 65. As a result, the rotation-to-reciprocation 
converting means 11, the reciprocation-to-rotation converting 
means 5, the reciprocating portion 67 of the reciprocating means 
68, the third nut 64, or the like, integrally move left in the 
drawing by a distance substantially equal to the moving distance 
of the connection screw shaft 71. 

On this occasion, the high-order controller 109 inputs 
the data detected by the detector 55 through the input/output 
portion 103. The control portion 111 calculates the quantity 
of movement of the moving means 92 on the basis of the input 
detected data. The calculated value is outputted as an 
instruction to the controller 105. In the aforementioned 
relation, the first servomotor 50 is operated with its position 
controlled in accordance with the instruction. In the relation, 
the first servomotor 50 operates the leading edge's time later 
after the feed servomotor 69 operates. This delay reduces the 
quantity of movement of the reciprocating portion of the 
rotation-to-reciprocation converting means 11 correspondingly 
to the delay time through the reciprocation-to-rotation 



converting means 5 and the rotation-to-reciprocation 
converting means 11 . The reduction of the quantity of movement , 
however, may be ignored in terms of operation because the 
reduction through the reciprocation-to-rotation converting 
means 5 is very small or the like andbecause the delay is recovered 
when the moving means 92 stops finally. 

After the operation (118 in the dotted line in Fig. 19) 

L& 

Q in the second operation mode in which the feed servomotor 69 

w 

■F (and the first servomotor 50) is operated to move the 

'43 

5y * rotation-to-reciprocation converting means 11, the 

~* reciprocation-to-rotation converting means 5, etc., the drive 

e 

Pi of the moving means 92 (the drive of the feed servomotor 69) 

|y 

to move the reciprocation-to-rotation converting means 5 and 

i U 

Si the rotation-to-reciprocation converting means 11 becomes 

unnecessary. Hence, the feed servomotor 69 is made servo-off 
(step 87a) and the torque limitation on the feed servomotor 
69 is released (step 88a) . 

On the other hand, as described above, after the operation 
(second operation eleventh embodiments) in which the first 
servomotor 50 and the feed servomotor 69 are operated to move 
the rotation-to-reciprocation converting means 11, the 
reciprocation-to-rotation converting means 5, the 
reciprocating portion 67 of the reciprocating means 68, the 
third nut 64, or the like, that is, after the detector 55 detects 
zero velocity in the step 86a, the controller 105 performs an 
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operation (119 in the dotted line frame in Fig . 19) in a so-called 
first operation mode in which the rotational torque of the first 
servomotor 50 is converted into predetermined axial thrust force 
by the rotation-to-reciprocation converting means 11, the 
reciprocation-to-rotation converting means 5, or the like. 

That is, the current position (the position where the 
chuck claw 42 holds the work 43 under the predetermined pressure 
by the drive of the feed servomotor 69) transmitted to the 
controller 105 through the high-order controller 109 is recorded 
as a record position (1) in the memory 112 contained in the 
controller 105 (step 84b) . The required torque limitation is 
set on the holding force of the chuck claw 42 calculated by 
the expressions 1 to 4 (step 85b) . Then, the first servomotor 
50 is operated by a velocity-control operation (step 86b) to 
thereby generate the holding force set for the chuck claw 42. 
Incidentally, a torque-control operation may be made in the 
step 86b. When the detector 50c detects zero velocity (step 
87b) , the first servomotor 50 is made servo-off (step 88b) and 
the torque limitation on the first servomotor 50 is released 
(step 89b) . Finally, the electromagnetic brake 46 is unlocked 
(step 90) . 

The operation of opening the chuck claw 42 will be 
described below on the basis of the flow chart of Fig. 20. 
Incidentally, in Fig. 20, the left column shows the operation 
of the feed servomotor 69 and the right column shows the operation 
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of the first servomotor 50. 

That is, first, after the electromagnetic brake 46 is 
locked (step 91) to lock the connection nut 62, the first 
servomotor 50 is made servo-on (step 92b) . The control 
arithmetic operation portion 107 reads the record position (1) 
stored in the memory 112 andperforms an operation of controlling 
the position to the recordposition (1) (rotates the motor rotary 
shaft 50b in a direction reverse to that in the holding) (step 
93b) to thereby loosen the chuck claw 42. 

The feed servomotor 69 is also made servo-on (step 92a) 
and operated with its position controlled (step 93a) . 



Q 
1 

yj 

r== 

y3 

pj As a result, the connection nut 62 is whirl-stopped by 

pj the electromagnetic brake 4 6, so that the connection nut 62 

C3 

pj is not dragged with the rotation of the connection screw shaft 

71 but only the connection screw shaft 71 rotationally moves 
right in the drawing. 

On this occasion, the rotation-to-reciprocation 
converting means 11 is connected to the connection screw shaft 
71 through the bearing 24. The reciprocation-to-rotation 
converting means 5 is connected to the 

rotation-to-reciprocation converting means 11 through the 
first nut 7 and the first screw shaft 6. The reciprocating 
means 68 is connected to the reciprocation-to-rotation 
converting means 5 through the bearing 21. Configuration is 
made so that the first servomotor 50, or the like, of the 
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reciprocating means 68 is axially immovable and so that the 
third nut 64 connected to the reciprocating portion 67 through 
the reciprocating thrust transfer plate 66 and the flexible 
coupling 93 is axially immovable if the third screw shaft 65 
is not rotated. Therefore, the first servomotor 50 is operated 
in synchronism with the feed servomotor 69 (operated 
synchronously in a direction in which the third screw shaft 
71 can move right in the drawing) (step 94b) . That is, the 
high-order controller 109 inputs the data detected by the 
detector 55 through the input/output portion 103. The control 
portion 111 calculates the quantity of movement of the moving 
means 92 on the basis of the input detected data . The calculated 
value is outputted as an instruction to the controller 105 to 
thereby operate the first servomotor 50 with the position 
controlled in accordance with the instruction. 

As a result, the third screw shaft 65 rotates with the 
operation of the first servomotor 50. The movement of the 
connection screw shaft 71 can be absorbed between the third 
nut 64 and the third screw shaft 65. The 
rotation-to-reciprocation converting means 11, the 
reciprocation-to-rotation converting means 5 and the 
reciprocating portion 67, or the like, of the reciprocating 
means 68 integrally move right in the drawing by a distance 
substantially equal to the moving distance of the connection 
screw shaft 71. 
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Incidentally, as described above, on this occasion, the 
connection screw sha.ft 71 is rotatably supported by the bearing 
24 and the first servomotor 50 is operated in synchronism with 
the feed servomotor 69 of the driving means 7 0 to rotate the 
third screw shaft 65 so that the movement of the connection 
screw shaft 71 is absorbed between the third nut 64 and the 
third screw shaft 65. Hence, the first nut 7 moves (right in 

^ the drawing) axially toward the load side without rotation. 

C3 

Along with the movement of the rotation-to-reciprocation 
converting means 11, the pull rod 2 3 and the draw bar 91 move 
axially toward the load side. The axial operation of the pull 
rod 23 and the draw bar 91 is converted into the radial operation 
of the chuck claw 42 by the operation converting mechanism 41, 
so that the work 43 is released from the chuck claw 42. 

Also on this occasion, the high-order controller 109 
inputs the data detected by the detector 55 through the 
input/output portion 103. The control portion 111 calculates 
the quantity of movement of the moving means 92 on the basis 
of the input detected data. The calculated value is outputted 
as an instruction to the controller 105 to thereby operate the 
first servomotor 50 with the position controlled in accordance 
with the instruction. In the aforementioned relation, the 
first servomotor 50 operates the leading edge' s time later after 
the feed servomotor 69 operates. This delay reduces the 
quantity of movement of the reciprocating portion of the 
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rotation-to-reciprocation converting means 11 correspondingly 
to the delay time through the reciprocation-to-rotation 
converting means 5 and the rotation-to-reciprocation 
converting means 11 . The reduction of the quantity of movement , 
however, can be ignored in terms of operation because the 
reduction through the reciprocation-to-rotation converting 
means 5 or the like is very small andbecause the delay is recovered 
when the moving means 92 stops finally. 

Incidentally, the connection nut 62 is locked in the 
rotating direction with respect to the pull rod 23 by the action 
of the second linear guide 14, so that the connection nut 62 
rotates together with the pull rod 23 driven to rotate by the 
main shaft motor at the time of working. Hence, as described 
above, the electromagnetic brake 46 provided for fixing the 
connection nut 62 at the time of opening/closing the chuck can 
be used also as a main shaft brake in addition to force for 
reducing the velocity of the main shaft motor when the rotational 
velocity of the main shaft is reduced. 

The origin restoration in the thrust converter will be 
described below with reference to Figs. 21 through 23. 

The origin restoration stated here means an operation 
in which, when the origin disappears, the controllers 96 and 
105 generate a state to determine the state of the third screw 
shaft 65 and the third nut 64, the first screw shaft 6 and the 
first nut 7, the second screw shaft 12 and the second nut 13 




in the thrust converter and the rotational position of the 
servomotors 50 and 69 uniquely to recognize the position of 
the origin. Incidentally, in the following description, the 
output of the thrust converter is expressed in the position 
of the pull rod 23. As described above, the pull rod 23 is 
directly connected to the draw bar 91. Also when the pull rod 

ta 23 is combined with a chucking machine, the chuck claw 42 has 

O 

Q one-to-one correspondence with the draw bar 91 and with the 

42 pull rod 23. Hence, the output of the thrust converter can 

y 

Q be expressed in the position of the pull rod 23. 

y3 

= Fig. 21 is a view for explaining operations of the 

P 

fU respective constituent portions when the thrust converter 

HJ according to Eleventh embodiment is operated. (1) of Fig. 21 

W shows the quantity of movement of the pull rod 23 in the case 

where, after the first servomotor 50 is driven in the first 
operation mode (the operation mode in which only the first 
servomotor 50 is driven) from the state of (A) , the feed 
servomotor 69 and the first servomotor 50 are driven in the 
second operation mode (the operation mode in which both the 
feed servomotor 69 and the first servomotor 50 are driven so 
that the first servomotor 50 is driven by the drive of the feed 
servomotor 69) . (2) of Fig. 21 shows the quantity of movement 
of the pull rod 23 in the case where, after the feed servomotor 
69 and the first servomotor 50 are driven in the second operation 
mode from the state of (A) , the first servomotor 50 is driven 
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in the first operation mode. In the drawing, the moving means 
of the connection screw shaft 71 in (A) of (1) of Fig. 21 and 
(A) of (2) of Fig. 21 has already moved (left in the drawing) 
to the limit toward the side reverse to the load side and the 
reciprocating portion 67 has also already moved toward the side 
reverse to the load side. Hence, the pull rod 23 is in a state 
in which the pull rod 23 is pulled in the most. 

First, for understanding of items which will be described 
later, the relation between the quantity of rotation of the 
servomotor 50 and the position of the pull rod 23 at the time 
of operation in the first operation mode, the relation among 
the quantities of rotation of the first and quick-feed 
servomotors 50 and 69 and the position of the pull rod 23 at 
the time of operation in the second operation mode, the relation 
among the quantity 9 5 o of rotation of the first servomotor 50, 
the quantity 9 69 of rotation of the quick-feed servomotor 69 
and the position of the pull rod 23 in the state in which the 
first operation mode and the second operation mode are mixed, 
and so on, will be described. 

That is, with respect to the relation between the quantity 
of rotation of the servomotor 50 and the position of the pull 
rod 23 at the time of operation in the first operation mode, 
when the servomotor 50 is rotated by 0 5 o with the state of (A) 
in (1) of Fig. 21 as a reference, the position of the pull rod 
23 with the state of (A) in (1) of Fig. 21 as a reference can 
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be calculated as — 1 L 0 5O / in which Li is the screw lead length 

of the third screw shaft 65, L 2 is the screw lead length of 
the first screw shaft 6, and L 3 is the screw lead length of 
the second screw shaft 12. 

The relation among the quantities of rotation of the first 
servomotor 50 and quick-feed servomotor 69 and the position 
of the pull rod 23 at the time of operation in the second operation 
mode is as follows. 

That is, in the second operation mode, the quantities 
of movement of the reciprocating portion 67, the moving means 

p] 92 and the pull rod 23 are made coincident with one another. 

M 

W The position of the pull rod 23 is L 4 0 69 or Li0 5 o when 0 5 o is the 

£3 

PJ quantity of rotation of the first servomotor 50, 0 69 is the 

quantity of rotation of the quick-feed servomotor 69, and L 4 
is the screw lead length of the connection screw shaft. 

The quantity of rotation of the first servomotor 50 is 

expressed as 0 5O =^-& 69 • 

The relation among the quantity 0 5 o of rotation of the 
first servomotor 50, the quantity 0 6 9 of rotation of the 
quick-feed servomotor 69 and the position of the pull rod 23 
in the state where the first operation mode and the second 
operation mode are mixed is as follows. 

That is, because all the quantity of rotation of the 
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quick-feed servomotor 69 is made by rotation in the second 
operation mode, the quantity of movement of the pull rod 23 
in the second operation mode is L 4 9 69 and the quantity of rotation 

of the first servomotor is — fc) 69 . 

A 

Hence, the quantity of rotation of the first servomotor 
f j 50 contributing to the first operation mode is 0 5O -6 69 and 

a L} 

yi the quantity of movement of the pull rod 23 due to the first 

□ 



L *L 

operation mode is expressed as 1 3 



L 2 



050 



P 

nj Because the position of the pull rod 23 is the sum of 

fU the quantity of movement in the first operation mode and the 

a 

fU quantity of movement in the second operation mode, the position 

of the pull rod 23 is calculated as follows. 



L 4 Q 69 + 



L 2 



9 50 ~~T^6 



(Expression 6) 



The operation in the case where the thrust converter is 
operated singly will be described below with reference to (1) 
and (2) of Fig. 21. (A) shows the state in which the connection 
screw shaft 71 moves the moving means (left in the drawing) 
to the limit toward the side reverse to the load side, the state 
in which the reciprocating portion 67 also moves toward the 
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side reverse to the load side and the state in which the pull 
rod 23 is pulled in the most. 

Assume the case where the pull rod 23 is moved toward 
the load side in the first operation mode from the state of 
(A) in (1) of Fig. 21. (B) in (1) of Fig. 21 shows the state 
in which the reciprocating portion 67 is extruded (right in 

^s. the drawing) to the load side without movement of the connection 

O 

p screw shaft 71 from (A) in (1) of Fig. 21. That is, the 

■Jj reciprocating portion 67 is moved (right in the drawing) by 

U 

P the maximum quantity to the load side in the first operation 

s mode. On this occasion, the reciprocating means 67 pushes the 

P 

fU pull rod 23 out by the L2/L3-fold quantity of movement through 

M 

flJ the reciprocation-to-rotation converting means 5 and the 

pa 

fee? 

flJ rotation-to-reciprocation converting means 11. Hence, in 

comparison between (A) of (1) of Fig. 21 and (B) of (1) of Fig. 
21 in the lower stage thereof, the quantity of movement of the 
pull rod 2 3 becomes small compared with the quantity of movement 
of the reciprocating means 67. Incidentally, in (B) of (1) 
of Fig. 21, the first screw shaft 6 abuts on the 
rotation-to-reciprocation converting means 11 and cannot move 
any more. The position of the pull rod 23 in (B) of (1) of 

L *Z 

Fig. 21 canbe calculatedas — -& S oe in which 9 5 oe is the quantity 

L 2 

of rotation in the operating range limit due to a mechanical 
limitation . 
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The state in which the pull rod 23 in the state of (B) 
in (1) of Fig. 21 is moved by the maximum quantity in the second 
operationmode is the state of (C) in (1) of Fig. 21. The quantity 
of movement from the state of (B) in (1) of Fig. 21 is L 4 069e 
when0 6 9E is the quantity of rotation of the quick-feed servomotor 
69. The quantity of rotation of the first servomotor 50 can 

t~ be calculated as Q 50E +^-Q 69E using 0 5O e described above. 

g 

5 Incidentally, in (C) of (1) of Fig. 21, the 

yj 

g rotation-to-reciprocation converting means 11 abuts on the 

i 

a connection nut 62 to thereby limit the movement in the direction 

□ 

flj of the load side. 

fij Assume the case where the pull rod 23 is moved toward 

a 

pj the load side in the second operation mode from (A) of (2) of 

Fig. 21. (B) in (2) of Fig. 21 shows the state in which the 
connection screw shaft 71 in (A) of (2) of Fig. 21 is pushed 
out to the load side and the reciprocating portion 67 is operated 
to follow the connection screw shaft 71. In this state, the 
first screw shaft 6 and the second screw shaft 12 are not operated. 
That is, the reciprocating portion 67 is moved to an operating 
range limit due to a mechanical limitation in the direction 
of the load side (right in the drawing) in the second operation 
mode . The pull rod 23 is pushed out by the quantity of movement 
of the connection screw shaft 71 compared with the state of 
(A) in (2) of Fig. 21 . In the drawing, the quantity of movement 
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of the reciprocating portion reaches the limit. When the 
quantity of rotation of the quick-feed servomotor 69 on this 
occasion is e 69 E, the position of the pull rod 23 from (A) of 
(2) of Fig. 21 can be calculated as L 4 8 69 e. Incidentally, the 
first servomotor 50 is also operated synchronously and the 
quantity of rotation of the first servomotor 50 can be calculated 

5 

■P The state in which the pull rod 23 is moved by the maximum 

yj 
UJ 
C3 

s 

O 

m 

at s 

fy 
Q 

ru 



quantity in the first operation mode from the aforementioned 
state is the right column in (C) of (2) of Fig. 21. The connection 
screw shaft 71 is not moved from (B) of (2) of Fig. 21 and the 
reciprocating portion 67 is pushed out to the load side (right 
in the drawing) . On this occasion, the pull rod 23 is pushed 
out by the L2/L3-fold quantity of movement through the 
reciprocation-to-rotation converting means 5 and the 
rotation-to-reciprocation converting means 11. On this 
occasion, the servomotors 50 and 69 push the pull rod 23 out 
to the limit toward the load side (right in the drawing) . With 
(A) of (2) of Fig. 21 as a reference, the quantity of movement 
of the pull rod 23 can be calculated as follows: 



L L L 0 

(Quantity of movement D) = L 2 Q 69E + -j^- * (Q 50E - 4 69E ) 
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in which 9 6 9 E is the quantity of rotation of the quick-feed 
servomotor 69, and 9 5 oe is the quantity of rotation of the first 
servomotor 50. 

Incidentally, in the equation, the first term shows the 
quantity of movement in the second operation mode, and the second 
term shows the quantity of movement in the first operation mode . 

Although (1) and (2) of Fig. 21 show different states 



i n which the pull rod 23 is moved, one state is finally obtained 

£3 

f in (C) of (1) of Fig. 21 and (C) of (2) of Fig. 21. In any 

case of (A) to (C) in (1) of Fig. 21 and (A) to (C) in (2) of 
Fig. 21, the quantities of rotation of the servomotors 50 and 
69 from (A) as a reference are known. Hence, when the thrust 
converter operates singly, the quantities of rotation of the 
motors from a reference position can be determined at the time 
of arrival at the operating range limit due to the mechanical 
limitation if the servomotors 50 and 69 are operated up to the 
operating range limit due to the mechanical limitation. 

That is, the origin restoration is completed if the first 
operation mode and the second operation mode are one by one 
operated up to the operating limit . In the case where a position 
displaced from the reference position is taken as the origin, 
the origin restoration is completed if the first operation mode 
and the second operation mode are one by one operated up to 
the operating limit and then the quantity of displacement is 
moved. 
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On the other hand, if the case where the thrust converter 
is mounted on a machine is considered, the operating range of 
the pull rod 23 is reduced compared with the case where the 
thrust converter is operated singly. 

Fig. 22 shows a state in which the thrust converter is 
mounted on a machine and the stroke is limited. Incidentally, 
p. the reference numeral 120 designates as a model a stopper for 

p limiting the operation of the pull rod 2 3 of the thrust converter . 

% When the thrust converter is applied to chucking, the stopper 

p 120 is equivalent to the operating restriction of the chuck 

s claw (that is, the output of the thrust converter) due to the 

a 

flj work holding. (A) of Fig. 22 shows a state in which the pull 

nj rod 23 is pulled in the single thrust converter, that is, the 

a 

pj same state as (A) in (1) of Fig. 22 or (A) in (2) of Fig. 22. 

Description will be made with this position as a reference. 

(B) of Fig. 22 shows a state of a machine before the origin 
restoration. (C) of Fig. 22 shows a state in which the pull 
rod 23 is moved (left in the drawing) toward the side reverse 
to the load side in the second operation mode from the state 
of (B) of Fig. 22 so as to collide with the stopper 120 of the 
machine. Because the position of the pull rod 23 (D in Fig. 
22) in (C) of Fig. 22 with (A) of Fig. 22 as a reference is 
determined by the relative positional relation between the 
machine and the thrust converter and is not changed, the position 
of the pull rod 23 in (C) of Fig. 22 can be determined even 
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in the case where the position of the origin disappears . Because 
two servomotors are used, in the thrust converter, however, 
the internal state of the thrust converter, that is, the state 
of the first screw shaft 6, the second screw shaft 12 and the 
reciprocating portion 67 cannot be determined uniguely. For 
example, in the example of (C) of Fig. 22, the guantity of movement 
of the pull rod 23 is a known value of D but the relation among 

b the pull rod 23 and the quantities of rotation of the servomotors 

Q 

4~ 50 and 69 can be calculated as follows. 

42 
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L L L 0 

(Quantity of movement D) = L 2 Q 69 + -y J -*(Q 50 ~ \ 69 ) 



In the aforementioned expression, 9 5 o and 0 6 9 cannot be 
determined uniquely even in the case where the pull rod 23 is 
stopped in the mechanically locked position and the position 
of the pull rod 23 is known because both the servomotors 50 
and 69 may not rotate up to the operating range limit positions 
in the single thrust converter. 

Therefore, while the pull rod 23 is pushed out (right 
in the drawing) toward the load side in the first operation 
mode, the pull rod 23 is pulled in (left in the drawing) toward 
the side reverse to the load side in the second operation mode 
in the reverse direction. Because the moving velocity of the 
pull rod 23 in the second operation mode is higher than that 
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in the first operation mode, the state of (C) of Fig. 22 may 
be obtained temporarily. Because the pull rod 23 is pushed 
out toward the load side in the first operation mode, the movement 
in the second operation mode can be continued by the quantity 
of movement in the first operation mode. Finally, the state 
of (D) of Fig. 22 is obtained. (D) of Fig. 22 shows the state 
in which the second screw shaft in the first operation mode 

L& 

C3 reaches the operating range limit due to the mechanical 

C3 

4" limitation and the pull rod 23 is locked by the stopper of the 

\. i t 

W machine. That is, calculation can be made as follows. 

Q 

y3 
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+ ^!* r e 5o _M^; 



D - L 2 B 69 t -— - ( v 50 

2 ~' (Expression 7) 



L 2 1 " L } 



Incidentally, because Li, L 2 , L 3 , L 4 , D and D' in the 
aforementioned expression are known, an equation for 
calculating the position of the pull rod 23 and the quantities 
of rotation of the servomotors 50 and 69 with (A) of Fig, 22 
as a reference can be obtained. 

Assume that 9 50 is the angle of rotation of the servomotor 
50 and 9 69 is the angle of rotation of the servomotor 69, the 
origin restoration from the position of the origin in (A) of 
Fig. 22 is completed if the servomotor 50 is rotated by 9 5 o - 
050 and the servomotor 69 is rotated by 9 6 9 - 069E using 9 5 o and 
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9 6 9E calculated by the expression 6 from the state of (D) of 
Fig. 22. 

A flow chart when the origin restoration is performed 
by the af orementioned method is shown in Fig. 23 . Incidentally, 
in Fig. 23, the left column shows the operation of the servomotor 
50 and the right column shows the operation of the quick-feed 
servomotor 69. 

M 

p First, the electromagnetic brake 46 is locked (step 101) . 

tl 

Jl The servomotors 50 and 69 are made servo-on (steps 102a and 

h 

yj 102b) . Torque limitations are set on the servomotors 50 and 

42 69 (steps 103a and 103b) . A low velocity speed control operation 

£ 

C3 is performed ( steps 104a and 104b) . Incidentally, the velocity 

PJ 

^ setting is performed so that the sign of the value of time 

PJ 

W differentiation of the first term in the expression 6 is reverse 

PJ 

to the sign of the value of time differentiation of the second 
term in the expression 6. This means that the direction of 
movement of the pull rod 23 in the first operation mode is reverse 
to the direction of movement of the pull rod 23 in the second 
operation mode. After both the rotation detectors 50c and 55 
of the servomotors 50 and 69 detect zero velocity (step 105) 
so that the positions of the servomotors 50 and 69 are determined, 
the servomotors 50 and 69 are moved to the origin (steps 106a 
and 106b) and finally the electromagnetic brake 46 is unlocked 
(step 107) . 

As described above, the present inventionhas a configured 
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to have: a reciprocating means; a reciprocation-to-rotation 
converting means for converting a reciprocating motion of the 
reciprocating means into a rotary motion; a 
rotation-to-reciprocation converting means located on the same 
axial line as that of the reciprocation-to-rotation converting 
means for converting the rotary motion of the 
reciprocation-to-rotation converting means into a 

O reciprocating motion; a reaction force receiving means for 

Q 

receiving reaction force against the reciprocating motion of 
the rotation-to-reciprocation converting means; and a moving 
yj means for moving the reciprocation-to-rotation converting 

means and the rotation-to-reciprocation converting means in 
an axial direction separately from driving force due to the 
reciprocatingmotion of the reciprocating means . Accordingly, 
the reciprocation-to-rotation converting means and the 
rotation-to-reciprocation converting means can be moved to any 
positions without rotation at all or almost without rotation, 
that is, the thrust force given to the reciprocating means can 
be made to act on the load side without amplification/reduction 
at all or almost without amplification/reduction. 

Hence, after the reciprocation-to-rotation converting 
means and the rotation-to-reciprocation converting means are 
moved to any positions, the thrust force given to the 
reciprocating means can be amplified/reduced to act on the load 
side . Hence, there can be obtained a thrust converter in which 
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the length of the thrust conversion portion can be shortened 
relative to the rate of the necessary stroke. 

Further, the present invention has a configuration such 
that, when the reciprocation-to-rotation converting means and 
the rotation-to-reciprocation converting means are moved by 
the moving means, a quantity of the movement is absorbed by 
a part of the reciprocating means. Accordingly, it is 

C3 unnecessary to move the reciprocating means together when the 

Q 

■P reciprocation-to-rotation converting means and the 

s yj rotation-to-reciprocation converting means are moved. Hence, 

O 

fc J3 in addition to the aforementioned effect, the configuration 

C3 that the reciprocating means is moved together with the 

PJ 

H reciprocation-to-rotation converting means and the 

nJ 

rotation-to-reciprocation converting means is not required so 

fy 

that the configuration of the thrust converter in this portion 
is not complicated. 

Further, according to the present invention, the moving 
means includes: a connection means having a first screw, and 
a second screw thread-engaged with the first screw; and a driving 
means for driving rotationof at least one screwof the connection 
means to thereby move the reciprocation-to-rotation converting 
means and the rotation-to-reciprocation converting means. 
Accordingly, the reciprocation-to-rotation converting means 
and the rotation-to-reciprocation converting means can be moved 
to any positions easily by a simple means of rotating screws. 
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Moreover, working can be made easily and inexpensively. 
Moreover, because the leadof each screw can be determined freely, 
the efficiency can be set to be negative. Accordingly, the 
screw can receive reaction force continuously without loosening 
the screw even in the case where the reaction force is added. 

Further, according to the present invention, the moving 
means includes: a connection means having a first screw, and 
a second screw thread-engaged with the first screw; a driving 
means for driving rotation of both screws of the connection 
means to thereby move the reciprocation-to-rotation converting 
means and the rotation-to-reciprocation converting means; and 
a rotation transferring means constituted by gears and 
interposed between the driving means and the connection means 
for transferring the driving force of the driving means so that 
the first and second screws of the connection means rotate at 
different rotational velocities. Accordingly, the 

reciprocation-to-rotation converting means and the 
rotation-to-reciprocation converting means can be moved to any 
positions easily by a simple means of rotating screws . Moreover, 
because the lead of each screw can be determined freely, the 
efficiency can be set to be negative. Accordingly, the screw 
can receive reaction force continuously without loosening the 
screw even in the case where the reaction force is added. 

Further, the driving force of the driving means can be 
transferred to the connection means simply and easily. 
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Moreover, the transfer can be disconnected simply, and the 
relative rotation velocity between the first and second screws 
can be set to be a desired rotation velocity easily by simply 
changing the numbers of teeth. 

Further, according to the present invention, the moving 
means includes: a connection means having a first screw, and 
a second screw thread-engaged with the first screw; a driving 
means for driving rotation of at least one screw of the connection 
means to thereby move the reciprocation-to-rotation converting 
means and the rotation-to-reciprocation converting means; and 
y3 a transfer/disconnection means interposed between the driving 

means and the connection means for transferring the driving 
force of the driving means to the coupling means and 

ry 

C3 disconnecting the transfer. Accordingly, the 

fU 

reciprocation-to-rotation converting means and the 
rotation-to-reciprocation converting means can be moved to any 
positions easilyby a simplemeans of rotating screws . Moreover, 
because the lead of each screw can be determined freely, the 
efficiency can be set to be negative. Accordingly, the screw 
can receive reaction force continuously without loosening the 
screw even in the case where the reaction force is added. 

Further, the driving force of the driving means can be 
transferred to the connection means simply and easily. 
Moreover, the transfer can be disconnected easily . Hence, when, 
for example, the thrust converter is applied to a chucking 
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machine, it is unnecessary to transfer the rotation of the main 
shaft to the driving means at the time of working . Accordingly, 
increase in the rotational velocity of the main shaft, elongation 
in the life of the driving means, and so on, can be attained. 

Further, according to the present invention, the moving 
means includes : a motor having a feed screw on its rotary shaft; 
a moving shaft thread-engaged with a feed screw portion of the 
Q rotary shaft so that the moving shaft moves axially with the 

c5 

4Z rotation of the rotary shaft and stops in a predetermined 

fjj position to rotate; a first driving gear provided on the moving 

■Busy 

y3 shaft; a second driving gear provided on the moving shaft at 

6 

D a predetermined distance from the first driving gear; a 

i y 

& connection means having a first screw, and a second screw 

C3 thread-engaged with the first screw; a first driven gear provided 

PJ 

on the first screw of the connection means so as to mesh with 
the first driving gear; and a second driven gear provided on 
the second screw of the connection means so as to mesh with 
the second driving gear and having teeth different in number 
from those of the first driven gear, wherein : the motor is driven 
to move the moving shaft to a position where the first and second 
driving gears and the first and second driven gears mesh with 
each other simultaneously; the moving shaft is stopped in this 
position and driven to rotate to thereby drive the first and 
second screws of the connection means to rotate by differential 
motion through the first and second driving gears and the first 
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and second driven gears to move the reciprocation-to-rotation 
converting means and the rotation-to-reciprocation converting 
means to predetermined positions; and when the 
reciprocation-to-rotation converting means and the 
rotation-to-reciprocation converting means are moved to the 
predetermined positions, themoving shaft ismoved to aposition 
where the first and second driving gears do not mesh with the 
first and second driven gears respectively. Accordingly, the 
reciprocation-to-rotation converting means and the 
rotation-to-reciprocation converting means can be moved to any 
positions easily by a simplemeans of rotating screws . Moreover, 

s 

P because the lead of each screw can be determined freely, the 

ru 

M efficiency can be set to be negative. Accordingly, the screw 

fU 

Q can receive reaction force continuously without loosening the 

screw even in the case where the reaction force is added. 

Further, the first and second screws can be driven by 
use of one drivingmeans, so that an inexpensive thrust converter 
can be obtained. 

Further, because of gear connection, the gear position 
can be changed to a neutral position easily. Hence, even in 
the case where a load is applied onto the driven gear, the load 
is not applied onto the motor so that reliability is improved. 

Further, according to the present invention, the moving 
means includes : a motor having a feed screw on its rotary shaft; 
a moving shaft thread-engaged with a feed screw portion of the 
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rotary shaft so that the moving shaft moves axially with rotation 
of the rotary shaft and stops in a predetermined position to 
rotate; a driving gear provided on the moving shaft ; a connection 
means having a first screw, and a second screw thread-engaged 
with the first screw; a driven gear provided on the first screw 
of the connection means so as to mesh with the driving gear; 
and a whirl-stop means for whirl-stopping the second screw of 



p the connection means at a desired time, wherein: the motor is 

p 

j» driven to move the moving shaft to a position where the driving 

Ly gear and the driven gear mesh with each other; the moving shaft 

o 

42 is stopped in this position and driven to rotate while the second 



P screw is whirl-stopped by the whirl-stop means to thereby drive 

ru 

M the first screw of the connection means to rotate through the 



driving gear and the driven gear to move the 
reciprocation-to-rotation converting means and the 
rotation-to-reciprocation converting means to predetermined 
positions; and when the reciprocation-to-rotation converting 
means and the rotation-to-reciprocation converting means are 
moved to the predetermined positions, the moving shaft is moved 
to a position where the driving gear does not mesh with the 
driven gear. Accordingly, the reciprocation-to-rotation 
converting means and the rotation-to-reciprocation converting 
means can be moved to any positions easily by a simple means 
of rotating screws. Moreover, because the lead of each screw 
canbe determined freely, the efficiency canbe set to be negative . 



- 141 - 



Accordingly, the screw can receive reaction force continuously 
without loosening the screw even in the case where the reaction 
force is added. 

Further, because drive of the first screw is sufficient 
for the structure, the structure is simple. 

Further, because of gear connection, the gear position 
can be changed to a neutral position easily. Hence, even in 
the case where a load is imposed on the driven gear, the load 
is not imposed on the motor. Moreover, because the gear 
connection is provided in only one place, reliability is 
improved. 

Further, according to the present invention, the moving 
means includes: a connection means having a first screw, and 
a second screw thread-engaged with the first screw; a motor 
using the first screw of the connection means as a rotor; and 
a whirl-stop means for whirl-stopping the second screw of the 
connection means at a desired time, wherein, in a condition 
that the second screw of the connection means is whirl-stopped 
by the whirl-stop means, the motor is driven to drive the first 
screw of the connection means to rotate to thereby move the 
reciprocation-to-rotation converting means and the 
rotation-to-reciprocation converting means to predetermined 
positions . Accordingly, the reciprocation-to-rotation 
converting means and the rotation-to-reciprocation converting 
means can be moved to any positions easily by a simple means 
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of rotating screws. Moreover, because the lead of each screw 
can be determined freely, the efficiency canbe set to be negative . 
Accordingly, the screw can receive reaction force continuously 
without loosening the screw even in the case where the reaction 
force is added. 

Further, because the first screw is used as a rotor of 
the motor which is a driving means, the number of parts can 
be reduced. Hence, reliability is improved more greatly and 
assembling time is reduced, so that the cost can be reduced. 

Further, because the first screw is driven so 
contactlessly that there is no portion worn out, the life of 

a 

PJ the moving means is made long. 

PJ Further, according to the present invention, the moving 

Q 

PJ means includes: a connection means having a first screw, and 

a second screw thread-engaged with the first screw; a first 
motor using the first screw of the connection means as a rotor; 
and a second motor using the second screw of the connection 
means as a rotor, wherein, in a condition that the second screw 
of the connection means is whirl-stopped by excitation of the 
second motor, the first motor is driven to drive the first screw 
of the connection means to rotate to thereby move the 
reciprocation-to-rotation converting means and the 
rotation-to-reciprocation converting means to predetermined 
positions . Accordingly, the reciprocation-to-rotation 
converting means and the rotation-to-reciprocation converting 
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means can be moved to any positions easily by a simple means 
of rotating screws. Moreover, because the lead of each screw 
can be determined freely, the efficiency can be set to be negative . 
Accordingly, the screw can receive reaction force continuously 
without loosening the screw even in the case where the reaction 
force is added. Because the rotation of the second screw is 
U locked by servo-locking contactlessly, there is no abrading 

b 

p dust generated. Hence, reliability is improved. Moreover, 

uj because the first screw is driven so contactlessly that there 

w 

□ is no portion worn out, the life of the moving means is made 

s_ long. 

RJ Further, according to the present invention, the moving 

M 

W means includes: a connection means having a first screw, and 

□ 

^ a second screw thread-engaged with the first screw; and a motor 

using the first screw of the connection means as a first rotor 
and using the second screw of the connection means as a second 
rotor, the first rotor being different in number of poles from 
the second rotor, wherein the motor is driven to drive the first 
and second screws of the connection means to rotate to thereby 
move the reciprocation-to-rotation converting means and the 
rotation-to-reciprocation converting means to predetermined 
positions . Accordingly, the reciprocation-to-rotation 
converting means and the rotation-to-reciprocation converting 
means can be moved to any positions easily by a simple means 
of rotating screws. Moreover, because the lead of each screw 
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canbe determined freely, the ef f iciency canbe set to be negative . 
Accordingly, the screw can receive reaction force continuously 
without loosening the screw even in the case where the reaction 
force is added. 

Further, the electromagnetic brake or another motor for 
locking the second screw is not required, so that the cost can 

(,* be reduced more greatly. Because the electromagnetic brake 

p 

Q need not be used, there is no abrading dust generated. Hence, 

4= 

y3 reliability is improved. Moreover, because the first screw 

U 

E3 is driven so contactlessly that there is no portion worn out, 

b the life of the moving means is made long. 

C3 

PJ Further, according to the present invention, the 

^ reciprocating means includes: a motor; and a motor 

□ 

rotation-to-reciprocation converting means for converting a 
rotary motion of the rotary shaft of the motor into a 
reciprocating motion. Maintenance is not required so that the 
running cost can be reduced compared with the case where 
hydraulic or pneumatic equipment is used as the reciprocating 
portion. 

Further, the thrust force outputted at the load-side end 
canbe controlled steplessly and easily, so that a good-response 
thrust converter can be obtained. 

Further, according to the present invention, the 
reciprocating means includes: a motor disposed on an axis 
different from the axial line of the reciprocation-to-rotation 

- 145 - 



convertingmeans; amotor rotation-to-reciprocation converting 
means disposed on the same axis as the axial line of the 
reciprocation-to-rotation converting means for converting a 
rotary motion of the rotary shaft of the motor into a 
reciprocating motion; and a motor rotation transferring means 
for transferring the rotation driving force of the motor to 

^ the motor rotation-to-reciprocation converting means. 

C3 

Q Maintenance is not required so that the running cost can be 

reduced compared with the case where hydraulic or pneumatic 
£3 equipment is used as the reciprocating portion. Further, the 

y3 

n thrust force outputted at the load-side end can be controlled 

D 

FU steplessly and easily, so that a good-response thrust converter 

can be obtained. Moreover, the whole length of the thrust 

C3 

^ converter can be shortened more. 

Further, according to the present invention, the 
reciprocating means includes: a motor disposed on an axis 
different from the axial line of the reciprocation-to-rotation 
convertingmeans ; amotor rotation-to-reciprocation converting 
means disposed on an axis the same as an axial line of a rotary 
axis of the motor for converting a rotary motion of the rotary 
shaft of the motor into a reciprocating motion; and a thrust 
transferring means for transferring an axial thrust force of 
the motor rotation-to-reciprocation converting means to the 
reciprocation-to-rotation converting means. Maintenance is 
not required so that the running cost can be reduced compared 
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with the case where hydraulic or pneumatic equipment is used 
as the reciprocating portion. Further, the thrust force 
outputted at the load-side end can be controlled steplessly 
and easily, so that a good-response thrust converter can be 
obtained. Moreover, the whole length of the thrust converter 
can be shortened more, 
M* Further, according to the present invention, the motor 

a 

P rotation-to-reciprocation converting means has a screw 

*0 provided on the rotary shaft of the motor, and a nut 

w 

*3 thread-engaged with the screw, and the thrust transf erringmeans 

y3 

L has a reciprocating portion for supporting a bearing for 

P 

\ w rotatably bearing the reciprocation-to-rotation converting 

ri i 

~: means, and a thrust transfer plate for connecting the 

^ reciprocating portion and the nut to each other. Maintenance 

is not required so that the running cost can be reduced compared 
with the case where hydraulic or pneumatic equipment is used 
as the reciprocating portion. Further, the thrust force 
outputted at the load-side end can be controlled steplessly 
and easily, so that a good-response thrust converter can be 
obtained. Moreover, the whole length of the thrust converter 
can be shortened more. 

Further, according to the present invention, the thrust 
transfer plate is connected to the nut through a flexible 
coupling. Complication between different axes can be avoided 
so that the nut, or the like, can be moved smoothly. 
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Further, the thrust transfer plate's own weight or the 
reciprocation-to-rotation converting means' own weight can be 
supported by the flexible coupling so that the weight's force 
can be prevented from being applied onto the nut. Hence, the 
life of the nut and the life of the screw shaft are improved, 
so that reliability is improved. 

Further, according to the present invention, one screw 
of the connection means is rotatably supported with respect 
to the reciprocation-to-rotation converting means. 
Accordingly, the reciprocation-to-rotation converting means 
can only make reciprocating motion without rotation even in 
the case where the driving means rotates the connection means. 
Further, the driving means need not rotate the 
reciprocation-to-rotation converting means, so that the load 
is light. Hence, the driving means can be constituted by a 
driving means of small driving force. 

Further, according to the present invention, one screw 
of the connection means is rotatably supported with respect 
to the reciprocation-to-rotation converting means; and the 
other screw of the connection means is rotatably supported with 
respect to a part of the reaction force receiving means. 
Accordingly, the reciprocation-to-rotation converting means 
can only make reciprocating motion without rotation even in 
the case where the driving means rotates the connection means. 
Further, the driving means need not rotate the 
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reciprocation-to-rotation converting means, so that the load 
is light. Hence, the driving means can be constituted by a 
driving means of small driving force. 

Further, in the case where the thrust converter of the 
type of locking the second screw contactlessly as shown in Fig. 
8 or 9 is used in a chucking machine for a lathe, even if the 

|,& main shaft of the lathe is rotating, the moving means can be 

□ 

Q operated to move the reciprocation-to-rotation converting 

I s3 

means and the rotation-to-reciprocation converting means to 

yj 

Q thereby open the chuck. Hence, the exchange of the work, the 

5 feeding of the bar material, and so on, can be performed easily 

Q 

without stopping of the main shaft of the lathe. 
fjJ According to the present invention, the whirl-stop means 

— is constituted by an electromagnetic brake, and a part of the 

whirl-stopped screw of the connection means is provided as a 
brake disk. Accordingly, the number of parts is reduced, so 
that the cost is reduced. 

Further, according to the present invention, the 
whirl-stop means is constituted by an electromagnetic brake, 
and the second screw prohibited from rotating by the 
electromagnetic brake is connected to an external drivingmeans . 
Accordingly, when the external driving means such as the main 
shaft motor or the like is to be reduced in velocity or stopped, 
the external driving means such as the main shaft motor or the 
like can be reduced in velocity or stopped rapidly because the 
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second screw is locked in the rotating direction by the 
electromagnetic brake. 

Further, according to the present invention, control is 
performed by the steps of: driving the moving means to move 
the reciprocation-to-rotation converting means and the 
rotation-to-reciprocation converting means to predetermined 
positions; and driving the reciprocatingmeans after the arrival 
of the reciprocation-to-rotation converting means and the 
£ : rotation-to-reciprocation converting means at the 

u 

p predetermined positions to thereby operate the reciprocating 

b portion of the rotation-to-reciprocation converting means 

□ 

PJ through the reciprocation-to-rotation converting means and the 

FU rotation-to-reciprocation converting means. Accordingly, 

p 

FU the reciprocation-to-rotation converting means and the 

rotation-to-reciprocation converting means can be moved to 
predetermined positions rapidly. Moreover, after the 
reciprocation-to-rotation converting means and the 
rotation-to-reciprocation converting means are moved to the 
predetermined positions, any thrust force can be generated in 
the output portion of the rotation-to-reciprocation converting 
means. Hence, the operation for generating any thrust force 
in the output portion of the rotation-to-reciprocation 
converting means in the predetermined position becomes rapid. 

Further, according to the present invention, control is 
carried out by the steps of: performing an operation in a first 
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operation mode in which, in a condition that the moving means 
is stopped, the reciprocating means is driven to operate the 
reciprocating portion of the rotation-to-reciprocation 
converting means through a reciprocation-rotation means and 
the rotation-to-reciprocation converting means ; performing an 
operation in a second operation mode in which the moving means 

h& is driven to move the reciprocation-to-rotation converting 

Q 

□ means and the rotation-to-reciprocation converting means / and 

r 

y3 limiting driving force for at least one of the reciprocating 

yj 

O means and the moving means when thrust force is generated. 

y3 
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Accordingly, the reciprocation-to-rotation converting means 
and the rotation-to-reciprocation converting means can be moved 
to predetermined positions rapidly. Moreover, after the 
reciprocation-to-rotation converting means and the 
rotation-to-reciprocation converting means are moved to the 
predetermined positions, any thrust force can be generated in 
the output portion of the rotation-to-reciprocation converting 
means. Hence, the operation for generating any thrust force 
in the output portion of the rotation-to-reciprocation 
converting means in the predetermined position becomes rapid. 

Further, according to the present invention, when the 
driving gear and the driven gear are made to mesh with each 
other, controlling is made so that the positions of teeth of 
the driving gear and the driven gear are detected by sensors 
and so that the gears are rotated at angles enabling gear mesh 
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on the basis of signals detected by the sensors. Hence, the 
gears can be made to mesh with each other smoothly. 

Further, according to the present invention, controlling 
is made so that the gear angles at the time of shifting from 
the gear mesh state to the gear separation state are stored, 
so that the rotation of the first and second driving gears are 
p« stopped in the gear separation state, and so that the first 

O and second driven gears are rotated at the stored gear angles 

when the first and second driving gears are made to mesh with 

u 

the first and second driven gears from the gear separation state . 

42 

Hence, two pairs of gears can be made to mesh with each other 
smoothly by simple control. 

Further, according to the present invention, control is 
performed by the steps of: performing an operation to drive 
the moving means and the reciprocating portion of the 
rotation-to-reciprocation converting means in reverse 
directions to each other; and restoring the thrust converter 
to an origin on the basis of a position where the thrust converter 
at an operating range limit due to a mechanism limitation of 
either a mechanical stopper or the thrust converter. 
Accordingly, the origin restoration can be performed 
automatically. 

Further, the present invention has the configuration to 
be constituted by : a high-order controller; a first controller 
for controlling the moving means; and a second controller for 
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controlling the reciprocating means, wherein, in a second 
operation mode in which the moving means is driven to move the 
reciprocation-to-rotation converting means and the 
rotation-to-reciprocation converting means, the first 
controller controls the moving means on the basis of an 
instruction given from the high-order controller and outputs 
an instruction based on a quantity of movement of the moving 
means to the second controller, and the second controller 
controls the reciprocating means on the basis of the instruction 
based on the quantity of movement of the moving means from the 
first controller, and in a first operation mode in which the 
reciprocating means is driven to operate the reciprocating 
portion of the rotation-to-reciprocation converting means 
through a reciprocation-rotation means and the 
rotation-to-reciprocation converting means in a condition that 
the moving means is stopped, the second controller controls 
the reciprocating means on the basis of an instruction outputted 
from the high-order controller and inputted through the first 
controller . Accordingly, the high-order controller treats the 
thrust converter as one driving source so that the signal 
processing load or output portion, wiring, or the like, can 
be reduced. 

INDUSTRIAL APPLICABILITY 

The thrust converter and the method and apparatus for 
controlling the thrust converter according to the present 
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invention canbe applied to apress working machine and a chucking 
machine of a lathe. They can be applied also to any other 
apparatus which needs a reduction gear. 
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